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The journey for this research began in 2008 when I took up a position as Senior Cartographer at 
Spatial Vision, a private GIS and application development consultancy based in Melbourne, 
Australia. My earlier cartographic career had taken me through both the private and public sectors 
producing map products, magazines and books leading to my own freelance business producing 
maps and atlases for some of Australia’s largest publishers as well as producing and publishing my 
own map products. Many of these map products went on to garner awards both in Australia and 
overseas for their cartographic excellence. 
Upon arriving at Spatial Vision I learnt that the publishers of the highly regarded Jacaranda 
School Atlas were looking for a new cartographic company to produce their atlas. After discussions 
and negotiations with the publisher we were awarded the contract for the work under my 
supervision. The contract was to redesign and produce artwork for the entire atlas, over 400 maps, 
using a GIS database approach for ongoing maintenance and production, and in time lowering the 
production costs. 
Figure 0.1: Jacaranda Atlas 7th Edition (Ramsdale 2010) and International Cartographic Exhibition 2nd 
place award for cartographic excellence. 
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This was an exciting and invigorating time to be working on such a landmark product and 
putting my own fingerprints on a product that would become, for many Australian students, a 
product that would stay with them for the life of their secondary schooling. 
At the same time as this project was getting underway, there were wider developments in the 
geospatial community that would impact on how the atlas was produced and how it would be 
maintained in the future. The Natural Earth global data set was being released by Nathaniel 
Vaughan Kelso and Tom Patterson, and that formed the basis of our atlas database. 
OpenStreetMap was maturing and street-level data globally was becoming available. Australian 
federal government agencies and state governments were freeing up their data and making it 
easier to consume and publish. 
Particular aspects of cartographic research, in particular work by Cynthia Brewer on TypeBrewer 
and ColorBrewer impacted design choices for the thematic maps, and work by Tom Patterson on 
shaded relief assisted design choices made on the atlas plates. 
The access to open data made production of thematic maps and atlas plates less time 
consuming and less costly, and greatly assisted in database preparation. 
Towards the end of the atlas project a digital product was envisaged by the publisher, utilising 
the final print atlas artwork and presenting it on the web through a Flash-based website. This 
raised some concerns with me at the time, as the original map designs were conceived for a print-
only product, with design elements such as fonts, colours, symbology not being readily suitable for 
screen display. At the same time Apple debuted the iPad, a transformative device that publishers 
envisaged would impact how they delivered content, particularly in the educational area. An iPad 
version of the atlas was soon produced, again repurposing print-atlas artwork. The results were 
less than satisfactory. 
With the project complete there were questions regarding the workflow of the atlas burning 
away in the back of my mind as to how we could have produced the Jacaranda Atlas better. Could 
we create one design and publish it successfully across print, web and mobile devices? What 
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elements of the design would translate seamlessly across the different media and what elements 
needed to be translated? Could we develop a schema that made these design decisions easier to 
integrate? 
With these issues occupying my thoughts I approached Professor William Cartwright at RMIT 
University to see if he thought these issues were worthy of further research. It was felt that it was 
and he encouraged me to apply to do a Masters research program. For this I am truly grateful, as it 
has broadened my knowledge on a subject in which I thought I was well versed. 
So in 2011 I embarked on this research journey, studying part time, whilst still holding down a 
full time job. During that time I have also worked on the Jacaranda World History Atlas and an 8th 
edition of the Jacaranda Atlas. The journey has come to its conclusion with the publishing of this 
thesis, and as you’ll discover on further reading, has taken me on some unexpected turns. 
Craig Molyneux 
September 2015 
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ebooks. 
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Abstract 
Student atlas publishing has a long history in Australia going back some 150 years to the 
publishing of Whiteheads Atlas of Australasia in 1870. In the Australian context, it is difficult to 
determine which came first, the desire from teachers for an atlas as a tool to teach geography, or 
entrepreneurial publishers creating the need for atlases to teach geography. Publishers have 
invested large amounts of money in the production of these atlases in the knowledge that they 
have a safe market in geography students, as long as geography is seen as a core subject to be 
taught in the Australian curriculum. 
With the change from hard copy map production to digital delivery, how then has the design of 
maps adapted and the delivery of the student atlas content evolved to complement these new 
technologies? Will students no longer require a hard copy atlas? Will it become a curiosity sitting 
on a library shelf? If so, then what does the future hold for the student atlas? 
Taking an optimistic view, there will always be a need for reference maps. The skill of map 
reading is one of the important reasons why a hard copy atlas is still relevant today. 
Understanding of map projections and seeing the world distorted on a two dimensional piece of 
paper is still important to students of geography. Typing a place name into a search engine and 
getting a result is still far quicker than thumbing through an atlas index. However the ability to 
search an index is a skill that shouldn’t be ignored. Paper-based atlases still hold a place in an 
educational context as a learning tool. 
With the need for economy and reducing educational costs, some may see the student atlas as a 
luxury that can’t be afforded — a tool that can be replaced with technology. Software applications, 
mobile apps and web delivery of atlas and curriculum content are now being seen as the way 
forward. 
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This research proposes a way forward for atlas publishers to, in a timely and cost effective 
manner, take one cartographic design and push it through a multi-published workflow that still 
retains the sought-after design integrity across multiple media. In essence this research will 
propose a ‘design once, publish many’ workflow for atlas production. 
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1 Overview 
At the core of this research was a conceptual workflow for a multi-published atlas. The 
workflow progressed from producing a hard copy atlas product, through a conversion process, to 
producing a web map that retained the same design principles and key elements of the print 
design — that is, to replicate the design so that it could be displayed on mobile devices, such as 
smart phones or tablets, or through a web browser. 
To understand the way forward the past must first be reflected upon, so a review was 
undertaken of historical student atlases used in Australia, with the aim of discovering how 
technological developments influenced atlas design and how this may drive future design. 
Reviewing historical literature determined the best practice in print map design and provided a 
base line of specifications for print-based map design, whilst a study of modern literature provided 
specification foundations for digital and, especially, web-based map design. 
Then, minimum specifications were developed for print- and web-based delivery of student 
atlas maps, leading to the design of a conceptual specification document, in order to determine 
the design for the conceptual atlas map. A user survey of the conceptual design was used to 
determine the impact variable screen resolutions have on map designs in the age of BYOD (Bring 
Your Own Device). As the adoption of smart devices (mobile phones and tablet devices) increases, 
educational institutions are increasingly adopting the BYOD strategy (N.S.W. Department of 
Education and Communities 2014), rather than provide devices for all students. 
This research will benefit atlas publishers, not just in Australia, but also further afield, who 
wish to proceed down the multi-publishing route. At present, the major student atlas publisher in 
Australia, John Wiley and Sons, uses a hybrid publishing model, where they provide a hard copy 
reference atlas, which is predominantly purchased by schools as a class set for use in the 
classroom. Also, they use a low-cost subscription model to provide students with access to online 
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curriculum based learning modules. Static layer-based JPEG images of the maps are available 
online, where students can turn layers on and off to investigate features on the map. 
This appears to be an interim development of a student atlas, neither offering a product that 
allows basic enquiry, nor offering a product that has been designed specifically for the screen (that 
is, artwork has been derived straight from the print artwork). A workflow that caters for  producing 
high quality maps and allowing for the interrogation of data would be the optimal solution with 
present day technology. It is hoped that this research will provide a pathway toward producing a 
multi-published atlas product as a step towards alleviating the current problem. 
1.1 Research objectives 
The broad objective of research reported here was to develop a multi-publishing workflow for 
student atlases. To develop this workflow it was determined that the following research objectives 
needed to be satisfied: 
• Investigate the historical context of student atlas publishing in Australia and determine how 
atlas design changed when technological and scientific developments were applied to 
publishing and cartography, such as offset printing or the development of GIS (Geographic 
Information Systems). 
• Research literature on cartography to determine best practice in map design for print and the 
web. Key elements in this research were to determine minimum font sizes, symbol sizes, line 
weights, pattern types, appropriate colours and their conversion between colour spaces. 
• Based upon previous research, to develop a set of ‘design operators’ that could be applied to 
print-map designs to convert to web-map designs. 
• Develop a multi-published student atlas specification document that defines all the 
cartographic design elements to be displayed in a conceptual atlas. Once the specifications 
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were established, sample print- and web-maps were to be produced based upon these 
specifications for later user testing. 
• User testing of the map variables to determine if the ‘design operators’ applied are 
appropriate and can be used in the workflow. 
• Recommend a conceptual workflow for producing a print, web and mobile version of a 
student atlas, based on the findings of the research. 
1.2 Research rationale 
The rationale for the research project came about from a real-life print atlas project. In 2009 
the author’s employer, Spatial Vision, an Australian mapping/GIS company (http://
www.spatialvision.com.au), was awarded the contract to produce entirely new cartography for an 
Australian flagship student atlas, the Jacaranda Atlas (http://www.jaconline.com.au). The Jacaranda 
Atlas has been published since the late 1960s, with many Australian students studying geography 
having used this reference work. The atlas cartography has always been of the highest quality, but 
it was traditionally done using photo-mechanical reprographic processes (Cook 2002), and later 
replaced with computer-drawn maps. 
When Spatial Vision was awarded the contract to produce the mapping for the atlas, a new 
concept was proposed to the publisher. The map data would be stored in a geospatial database, 
and the cartography would largely be done using GIS software, with final artwork provided in a 
format suitable for incorporation into DeskTop Publishing (DTP) software for final print artwork 
production. The benefit of this approach was that future editions of the atlas would only require 
updating of the database and the cartography could be regenerated, saving many hundreds of 
hours and thousands of dollars in the longer term. 
Nearing the completion of the print atlas, a piece of technology was launched by Apple Inc. that 
has changed the face of publishing — the iPad. At the time, the print atlas artwork was converted 
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to Adobe Flash format for display via a website version of the atlas. The issue arose that the iPad 
couldn’t display Flash files, therefore a compromise situation had to be found. 
Figure 1.1: Example reference map from the Jacaranda Atlas 7th Edition (Ramsdale et al. 2010). 
Figure 1.2: Example screen from myWorldAtlas web site reusing artwork from the Jacaranda Atlas 7th edition 
(John Wiley and Sons 2011). 
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Figure 1.3: Example reference map from the myWorldAtlas iOS app (John Wiley and Sons 2011). 
Figure 1.4: Detail of the above reference map highlighting issues with font styling and placement  
(John Wiley and Sons 2011). 
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Using print artwork for conversion to Flash was economically expedient for the publisher. 
However it introduced other issues, such as the original artwork being produced in the CMYK 
(subtractive) colour space, whilst the Flash files were displayed in the RGB (additive) colour space. 
This would introduce subtle, or in some cases, major, colour changes from the original map design. 
Additionally, font styles and sizes suitable for print became difficult to read on the screen. 
Likewise, symbol designs and sizes that appeared legible in print were difficult to comprehend on 
the screen (Figures 1.1 to 1.4). 
With the introduction of the iPad a higher screen resolution was available, compared to the 
traditional computer or laptop monitor. This variation in screen resolution compounded the issue 
of legibility, with map artwork changing in size (shrinking) based on the higher resolution screen 
display. 
The publisher had a need to produce maps for multiple media — print, web and mobile — with 
the desire to keep the cost down and utilise content that had already been created. As a 
cartographer, the problem was to create a design that could be moved from one medium to 
another with no discernible change, and be legible to all users regardless of the viewing medium.  
At the beginning of this research it was found that there had been no concerted attempt to 
address this problem. There had been research into some aspects, notably Roth, Brewer, et al. 
(2011) with their ScaleMaster framework, which dealt with generalisation issues in Tile Mapping 
Systems. Independent research by Jenny et al. (2008) into text legibility on screen set the 
foundation for minimum sizes that could be read comfortably on a screen with standard monitor 
resolution of 92 ppi (note that monitor resolutions vary widely in present day technology, 
including tablets and smart devices). 
Previously, there had been much research into atlas design and cartographic design for 
children, most notably in Australia by Dr Rod Gerber throughout the 1970s and ’80s (Gerber 1982). 
Patrick Wiegand undertook similar research in the UK in the 1990s and 2000s (Wiegand 2005), and 
the team at the Atlas of Switzerland from 1990s through to the present (Sieber et al. 2007). This 
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early work variously explored suitable font styles, symbol size and differentiation, how children 
learn with maps and, latterly, production of multimedia atlases. In recent times, Dr Christiane da 
Silva Ramos, in her doctoral research at RMIT University, explored the transition of atlases from 
paper to digital and the appropriate technologies to enable this (Ramos and Cartwright 2006), 
whilst Amy Lobben and David Patton (Lobben and Patton 2003) outlined design guidelines for 
digital atlases. 
With the advent of smart devices and the rise of BYOD, to date little research had been done as 
to how best digital atlases may transition to these new hardware devices and what the design 
implications for cartographers might be. Can cartographers continue to design the way they 
traditionally have done in the past? Do the design rules used in the past translate to today’s 
technology? Can cartographers create just one design that is suitable for print, web and mobile 
devices? 
The purpose of this research therefore was to develop a conceptual ‘design once, publish many’ 
workflow that would enable cartographers to multi-publish their designs across multiple 
mediums. The conceptual nature of the research has delivered a series of ‘design operators’ that 
can be applied to design elements in a print format to create a uniform design in a digital format. 
Whilst the research has concentrated on the author’s Australian experience and knowledge, the 
research could be applied more broadly to other student atlases around the world and also in other 
multi-published scenarios. The audience for the research are cartographers, designers and 
publishers involved in producing multi-published map products. 
The model for publishing student atlases in Australia is already changing, with the Jacaranda 
Atlas (8th edition) (Ramsdale et al. 2013) being a slimmer version of the previous (7th) edition 
(Ramsdale et al. 2010). Curriculum-based content has been delivered online through a user log-in 
interface, whilst the print atlas is now merely a reference book that is predominantly sold as a 
class set for purchase by schools. For how long this publishing model will be in existence is hard to 
tell, but in the end it will be dictated by the economics of printing, publishing and distributing a 
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volume throughout Australia. Internationally, student atlases are still being multi-published in 
digital and print form, for example the Atlas of Switzerland (http://schweizerweltatlas.ch) (Haberling 
et al. 2011) and the Oxford Student Atlas (http://www.oup.com.au/secondary/obooks/demo) (Hamper 
et al. 2008). 
It is in the author’s belief that this research into a multi-published workflow will benefit private 
and government-sponsored publishers who wish to pursue this approach to student atlas 
publishing. There will be particular benefit in countries where the print atlas still dominates and 
the Internet is still not widely used. As seen in Australia, when students have access to a computer 
or smart device linked to the Internet, either individually at home, or through their school, the 
publishing model for textbooks will change. 
1.3 Present atlas production workflow 
From the author’s past experience, the steps followed in a student atlas production 
workflow are as follows: 
1.3.1 Print atlas 
• Project planning — Any large project requires a significant investment in planning and an 
atlas production would be no different. Resourcing of staff, approximate time requirements, 
skills required, likely data sources, probable cost and return on investment are all 
considerations that need to be documented. 
• Extent planning for print product — Each page is defined, with mocked-up page layouts 
for each page spread provided for editorial review. These mock-ups will determine the page 
area allowed for individual maps. Based upon this information map extents, individual map 
projections and map scales will be defined. Draft maps are created as simple wireframes 
containing coastlines, borders and major populated places, to ensure the preferred map 
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coverage is defined. Once wireframes are signed off by the atlas editor the map extents are 
documented. 
• Data gathering — With scales and map extents determined, appropriately scaled data is 
sourced. 
• Design concepts — Design for the student atlas should take into account the user-specific 
requirements of the audience's age. Colours, symbols and fonts are features that need careful 
consideration. Atlas design concepts are fully formed and tested on users from the appropriate 
age groups, to ensure that the map designs are fit for purpose. 
• Design specifications — When final design concepts have been approved, specifications 
are documented in detail. 
• Data architecture — With detailed specifications established and geospatial data sourced, 
a data architecture can be established that enables print maps to be derived form these 
sources. Spatial data is typically stored in a spatial database such as Esri’s ArcSDE. 
• Atlas cartography — Map artwork is produced in either a GIS application, such as Esri’s 
ArcGIS, or an illustration package, such as Adobe Illustrator. Atlas cartography will go through 
a number of revision cycles until the final artwork has been approved by the editor and/or 
publisher. 
• Print output — The final print artwork is produced in a file format (AI or .PDF) suitable for 
use in a document layout application (such as Adobe InDesign or QuarkXPress). 
• Proofing — Final atlas pages are printed as high quality final proofs, ensuring all colours 
match those specified. Proofs are then signed off by the book editor. 
• Printing — Book pages are printed, with pages signed off by the print supervisor as they 
come off the printing press. These printed pages should match the specified colours and those 
approved in the proofing stage. Printed pages are then collated and bound for the finished 
book. 
!11
The modern student atlas: A multi-published approach Craig Molyneux
1.3.2 Digital atlas 
• Conversion of existing vector artwork to raster images — Convert the static CMYK 
vector artwork to raster RGB JPEG format using software such as Adobe Photoshop. 
• Creation of new artwork — Revise map specifications by enlarging text slightly and 
converting colour space of artwork from CMYK to RGB. Artwork is provided as static JPEG files 
to the publisher. 
• Files to web designer — Raster artwork is provided to the web designer for inclusion in the 
web site layout. 
1.4 Research scope 
The scope of this research is limited to a conceptual workflow that, in its structure, addresses a 
low cost or no cost solution, utilising easily accessible or open source software, where appropriate, 
to achieve the desired outcome. 
In the course of the research a broad literature review was undertaken. As technology has 
evolved so rapidly over the course of this research as far as possible new technology trends and 
innovations have been considered. There has been no individual reviews of various software 
platforms to determine the cost/benefits as there are too many to choose from across Mac, 
Windows and Unix platforms. Rather, the selection of appropriate software applications 
recommended in this thesis has been based on practised, existing solutions used in atlas 
production. 
1.5 Research methodology 
The research for this project was undertaken in five distinct components (as stated earlier in 
the Research Objectives p. 2). It aimed to: 
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• Investigate the historical context of student atlas publishing in Australia. 
To investigate the historical context of student atlas publishing in Australia, historical student 
atlases were sourced through online repositories, such as the National Library of Australia’s digital 
collection, as well as state-based libraries, and the Alfred Deakin Prime Ministerial Library at 
Deakin University in Geelong, Victoria, Australia, which contains a collection of historical 
educational textbooks. Student atlas designs were analysed comparing design elements, 
production methods and research that was being produced at the time into cartography and 
student atlases. 
• Determine best practice in map design for print and digital. 
A literature review was undertaken into the foundation aspects of cartographic design in print, 
and later in digital. From this review the minimum specifications required for cartographic design 
features, namely font styles and sizes, line weights and symbol sizes for both print and digital 
designs were determined. 
• Development of a set of ‘design operators’ to convert print map designs to web map 
designs. 
Based on the findings from the previous steps of the research, a set of design operators were 
established. A design operator is a scaling factor that can be applied to a design element, for 
example the font size for a legible print feature could be multiplied by X to be legible on a digital 
display. 
• Development of a multi-published student atlas specification document. 
The design operators developed previously were used in the development of an electronic 
interactive specification document that generated digital specifications based on the values of the 
print specifications multiplied by the series of design operators. 
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• User testing of the map variables. 
Finally, to ensure the success of the design operators, maps were created using the values 
generated and tested across a group of subjects (professionals and users of student atlases) to 
determine the effectiveness of these design operators. If necessary, refinements were made and 
conclusions drawn as to the effectiveness, or not, of the design operators. 
• Recommendations. 
Documenting a conceptual workflow from the findings of the research, recommending a 
preferred workflow and the design operators to be applied to graphical map features. 
1.6 Benefits of a multi-published approach to student atlases 
As student atlas publishers incorporate digital publishing of atlas products into their 
product offering, the need for a multi-published workflow is necessary, as hard copy products 
will still be produced to complement a digital product. Australian publishers, such as John 
Wiley and Sons already produce ‘trimmed down’ version of their Jacaranda Atlas (Ramsdale 
2013) which includes a unique ID for students to log in to their MyWorld website to consume 
customised and up-to-date curriculum content. In a perfect (publishing) world, it may well be 
more economical for publishers to provide a digital-only student atlas. However, with a 
digital divide still very much evident in a country like Australia, due to the geographic extent 
of the country and the ‘thin’ digital market, there will be some students that will not be able 
to fully access a digital-only student atlas due to limitations in Internet access or access to 
necessary hardware (Mohammad 2010). 
It is considered that in the foreseeable future, there will still be a role for a hard-copy 
(paper) student atlas product with a complementary digital product that can be updated 
quickly and reflect real world geo-political events in near-real time. Critically for the user 
and the publisher, there needs to be consistency in design, the provision of quality 
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information, and an economic saving in the cost of production. This can be achieved with a 
multi-published student atlas. As technology adapts and the cost drops, the reliance on a 
hard copy atlas for educational purposes may dwindle and the opportunities for developing 
multimedia atlases might increase. Publishers and cartographers will need to address the 
challenge of creating engaging and informative content for this media (Molyneux and 
Rossimel 2013). 
1.7 Chapter Conclusion 
This introductory chapter outlined the research objectives, rationale, present production 
workflow, scope and methodology. The reasons why this research is important, potential uses in 
the future and who will benefit from the research have been demonstrated. 
The next chapter provides the outcomes of the investigation of the history of student atlas 
publishing in Australia and looks at the nexus between design, production methods and research 
into cartographic design, in particular design for student atlases.  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2 Looking Back: An Historical Overview 
2.1 Introduction 
The design, production and publishing of a school atlas is a costly and risky venture (Sandford 
1985). Many hours of production by writers, researchers, editors and cartographers go in to 
producing a high quality publication. In today’s publishing environment the demands on the 
publisher by the users (students and teachers) to provide quality content in an engaging and 
informative way is ever-present. New media delivery, such as Web 2.0 and tablet devices, now 
challenge publishers to adapt their production workflows to incorporate new media formats into 
the once paper-dominated atlas marketplace. 
In a relatively short space of time publishers of traditional print-based media, such as 
newspapers, magazines and books, have created complementary digital editions for their users. At 
the same time, the paradigm of how the user consumes this information is changing, along with 
how the information can readily be incorporated into multiple delivery systems. Design 
considerations for print products can vary markedly for on-screen products, such as the choice of 
font style and size, the colours used and their combinations, size and orientation of maps, to name 
a few (Jenny et al. 2008). These considerations are quite separate from the whole user experience 
of a digital atlas or whether the cartographer wishes to include elements of interactivity in their 
maps. 
2.2 Definition of an atlas 
To better understand exactly what constitutes an atlas it is worth looking at some definitions of 
what an atlas is and how this definition has changed over time. 
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The concept of an atlas has been with us for many centuries, originating from Abraham 
Ortelius’ collection of maps, Theatrum Orbis Terrarum, printed in 1570, (Koks n.d.). Traditionally 
the atlas has been defined simply as a “book of maps or charts” (Sykes 1976, p59). 
With the development of printing technology and greater knowledge of the world through 
exploration, atlases became not only more accurate, but also more accessible. Jump forward to the 
nineteenth century and atlases became an educational tool, with atlases becoming an essential 
textbook for use in schools. These were initially developed for curricula in Europe and North 
America, but soon adopted globally. Educational atlases, along with national atlases, are 
important in developing and defining a sense of place and belonging (de Almeida 2011) as well as 
reinforcing national identity from the history and geography of a place. 
During the nineteenth and twentieth centuries the unique needs of countries were identified by 
local educators and the student atlas evolved into a textbook that was more than just a book of 
maps. Student atlases began to contain specific thematic mapping and geographic information 
particular to a country, and in some instances particular to a local state or territory. 
By the end of the twentieth century Koop (1993, p. 129) had defined an atlas as “a systematic 
and coherent collection of geographical data in analogue or digital form, representing a particular 
area and/or one or more geographical themes, together with tools for information retrieval, 
analysis and presentation.” This definition has held up well over the past 20 years as technology 
has changed dramatically. 
The student atlas — and for the purposes of this research, limited to atlases for secondary 
school-age students — has particular requirements, as students primarily use their atlases in the 
classroom or home for reference (Wiegand 2006). Sandford (1985) states that students use an atlas 
“to use symbols, locate places, follow routes, observe patterns, make comparisons and achieve 
overviews...”, whilst teachers see an atlas “primarily as a gazetteer...” Ormeling and van Elzakker 
(2009) expanded on these definitions by saying atlases are for “reference, education, navigation, 
management and scientific exploration.” 
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Cartwright and Peterson, in their modern take on an atlas, described it as “...the basis for how 
people conceive the world in which they live.” They went on to add “...it is an inclusive form of 
cartography that invites the user to explore the world through maps,” (2007 p. 1). 
What is clear from all these views is that however the information is delivered, the context and 
purpose of an atlas is very much the same. 
The modern day student atlas has become a hybrid publication of a hardcopy textbook and an 
accompanying multimedia offering — sometimes a DVD or a website that students can log in to. 
The websites can contain tutorials and exercises for students to complete and can store individual 
student data. Students can return often to complete exercises or homework which teachers can 
view and examine. 
Todays student atlas is not only a reference source, but has become a learning portal allowing 
students to explore the world in a curated multi-dimensional manner.  
2.3 Research criteria 
Before further discussion it is necessary to look back on the history of student atlas publishing 
in Australia, the technologies used to produce atlases, the research that was taking place around 
the publication of these atlases, the elements of cartographic design that made these products 
specific to students and how the atlas has evolved and adapted over time based on these 
considerations. Armed with this knowledge and the new methods of delivering atlas content, a 
new conceptual workflow will be proposed as to how a multi-media atlas could be produced. A 
multi-media atlas can be defined as being developed in the traditional print method and having a 
complementary atlas produced for web delivery and is mobile friendly. This multi-media atlas 
would be based on a common design and delivering the same high quality content across all media 
— in essence a 'design once, publish many' model. 
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The criteria for reviewing this historical information involved listing all atlases that have been 
produced in Australia (see Appendix 1), based on the collections at the National Library of 
Australia and the Alfred Deakin Prime Ministerial Library at Deakin University (this library has a 
special collection of student textbooks). The National Library maintains a comprehensive 
collection of all material published in Australia, as legally all publishers must submit one copy of 
each new publication to the National Library of Australia and their respective State Library. 
A sample of atlases from different eras are reviewed and the contents of the general continental 
and state maps studied. In particular, the way the maps were constructed and what map details 
were felt important by the cartographer for the particular users were addressed. Was the map 
projection appropriate for the content? Did the cartographer develop a ‘map language’ that 
students could follow — one font style for cities and towns, a different one for physical features? 
Was a hierarchy used to differentiate major and minor features? Was colour used and in what way? 
How was relief represented, if at all? What features were important to the time — for example, the 
overland telegraph route, steamship routes, airline routes? 
Over the last 150 years technology has changed dramatically, especially so in the cartographic 
industry. This research developed a timeline of technological change in the areas of printing, 
computers, cartographic production and data collection techniques (see Appendix 2). 
Finally, a study was done on the major cartographic research conducted during this time period, 
both Australian and international. The study looked at the major factors that impacted on how 
maps were produced and the changes cartographers made as a result of this research, which 
affected the design of maps in student atlas (see Appendix 3). 
2.4 Timeline of Australian Student Atlases 
The National Library of Australia and the Alfred Deakin Prime Ministerial Library at Deakin 
University list over 120 student atlases that have been published for Australian students since the 
1870s. In the last 145 years much has changed in the design, production and publishing of student 
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atlases in Australia. The following section will summarise the main atlases produced during this 
period, including their main design features, the technological changes that had an impact on 
their design, the major cartographic research that occurred during this period and how this 
affected the design choices made by cartographers and publishers. 
Student atlases, in their earliest forms, were seen as more than just textbooks. To quote from 
the preface of the Pearson’s Australasian School Atlas (1890, p. 2): 
“A SCHOOL ATLAS, in even higher measure than all other Atlases, should possess strict accuracy; for the 
teachings which it is intended to illustrate will form the foundation of all after-knowledge of Geography; and if 
correct ideas of distance, magnitude, and special locality not be acquired in early life, there is a strong 
probability that they will never be acquired.”  
The first student atlases in Australia were made up of relatively few pages. Whiteheads 
Australasian School Atlas of 1870 contained just 10 pages (not including covers), whilst Pearson’s 
Australasian School Atlas of 1890 contained only 12. The content was almost exclusively maps, 
other than a title page and preface. Maps were produced in a single colour — black — which limited 
the amount of detail that could be shown on the map. To add colour and interest to the atlas, 
publishers would require the skills of a colourist to apply a watercolour wash to each map. 
Students could then purchase a hand-coloured version of the atlas at an additional cost. In the 
case of the Pearson’s atlas this was an additional six pence. The atlases were printed using the 
lithographic printing process, a form of printing developed in the late eighteenth century by Alois 
Senefelder (Ristow 1975). This method allowed the cartographer to provide the lithographer a 
hand-drawn version of his map, from which he would hand-create a reversed image onto a slab of 
stone or zinc covered in wax or oil. 
Detail in the atlases was sometimes scarce. Information on the Australian interior was limited 
due to the lack of information of this area, as explorers were just beginning to provide details 
about the landscape and other geographical features (Figure 2.1). 
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Figure 2.1: Detail from Pearson’s Australasian School Atlas (1890, p. 8) showing lack of detail in inland 
Australia. 
Map features that we are familiar with in today’s atlases were present, such as a border around 
each map, a title, bar scale (units were in miles), and attempts were made to represent relief by the 
use of crude hachuring. Labelling of features was generally parallel with the map grid, curving 
along parallels as required. To better represent features along coastlines and in densely packed 
areas labels were curved. This appears to have been a well used technique from cartographers 
historically and, as will be shown later, this method of labelling had its detractors. 
During the mid- to late-nineteenth century the ability to print colour in registration using the 
lithographic printing process was developed. Called chromolithography, the process was 
essentially the same as lithography. To create a full colour map many applications using 
lithographic stones were required using a variety of colour inks (Lane 2009). This process allowed 
the publisher to create many more colour copies than previously produced by hand, and at an 
economic scale not seen before. Student atlases produced using this method began to appear 
around the start of the twentieth century. For the first time cartographers of student atlases could 
design maps allowing for colour as a design element (Figure 2.2).  
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Figure 2.2: An example of chromolithographic printing from the Collins’ Australasian Clear School Atlas 
(1920?, p. 7) 
In the 1920s the Collins and Oxford publishing houses began producing atlases for Australian 
students. The atlases were produced and published in Great Britain with Australian and New 
Zealand content placed either at the rear or front of the atlas. Full colour maps were supported 
with accompanying text and  photographic content. The photography was shown in black and 
white and printed in its own section at the rear of the book. Collins produced the Collins 
Australasian Clear School Atlas (1920?), which was first published between 1910 and 1920 (dates 
were only included in later editions of the atlas), and it was still being published in modified forms 
until the late 1960s. The reason for their disappearance from the Australian market is not known.  
For the first time maps contained alpha-numeric references and a corresponding place name 
index at the rear of the book. Rather than using letters and numbers as variables for indexing, the 
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maps contained upper case lettering along the horizontal edges of the maps and lower case 
lettering down the vertical edges of the maps. 
The Collins atlas introduced a new method of showing relief, which involved photographing a 
hand-made model matching the scale and projection of the main map (Figure 2.3). This relief 
depiction did not appear in later editions and was replaced with hypsometric tints, which gave a 
more precise representation of elevation. Detail on the maps was much simpler and generalised 
for student use, whilst country and state maps were differentiated by a physical and political 
version. A clear hierarchy of place names and a distinctive typographic convention for features 
had been established. Type was of a size that was legible with undue clutter and content had been 
removed from the map, making the map reading and interpreting experience easy for the student. 
At first, maps appeared in black and one other colour, but as the understanding of the printing 
method improved, so too did the greater use of colour. Colours chosen tended to be quite vibrant 
— reds, yellows and greens — and strong (saturated). 
Figure 2.3: An example of relief representation from the Collins’ Australasian Clear School Atlas  
(1920?, p. 19). 
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The large publishing house of George Philip and Son, from Great Britain, was another publisher 
to make their mark in the creation of student atlases in Australia. Publishing their first atlas in 
Australia in 1871, the George Philip and Son brand was to remain with Australian students until 
the late 1970s. The quality and content of the Philip’s atlases was very high. Great care had been 
taken in creating hierarchies of place names, creating a typographic convention that young 
readers could understand, and using the latest printing methods available to produce the best 
possible product for the user. 
The firm of H. E. C. Robinson was established in 1895 by Herbert Edward Cooper Robinson. 
“From the 1920s Robinson published a notable series of maps of the pastoral stations of New 
South Wales, Queensland, Victoria and South Australia,” (Walsh 1988). Robinson took over the 
Premier Street Directory in 1925, the forerunner to the Gregory’s Street Directory of Sydney. He died 
in 1933, but the company continued on and later became a subsidiary of Angus and Robertson in 
1959. During the 1940s the Australian publisher, H. E. C. Robinson, began publishing student 
atlases. The Robinson atlas style was very similar to the Collins’ and Philip’s style — simplified 
content, hypsometric tints for relief, and a clear typographic convention. This style persisted from 
the 1920s through to the 1960s. 
Research into the science of cartography started developing early in the twentieth century by 
Eckert (Olson 2005). As the new science became accepted, further research began into the various 
nuances of cartography and the cartographic technique after the Second World War, most 
prominently by Arthur Robinson (Montello 2002). Based on his cartographic experiences during 
the Second World War, Robinson wrote in his well-known treatise on the subject of cartography 
The Look of Maps (1952), about the fundamental elements that contribute to effective cartographic 
communication. He contended that elements such as lettering, colour, structure and design form 
the basis of effective map communication.  
Whilst Robinson put forward many opinions about cartographic theory, he also highlighted 
issues that needed addressing and required critical examination and research in the science of 
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cartography. This breakthrough book changed the way cartographers viewed their work and made 
them look critically at the many factors of good cartographic communication. 
Robinson brought to the cartographer’s attention such details as the style, usage and 
importance of lettering. Prior to the 1950s lettering was either done by hand or done by a 
lithographer based on instruction from the cartographer. Robinson felt this was a common 
weakness of many maps, stating “...few cartographers are entirely pleased with lettering, and 
together with color it is frequently the butt of criticism leveled at any map” (1952, p. 25). As 
Robinson stated, “...lettering assumes a relatively important place in the visual scale,” (1952, p. 27) 
and prior to this statement some cartographers had little understanding of its importance to the 
reader. As typography became a recognised science and development of photo-mechanical 
typesetting became more widely used, cartographers had to develop an understanding of not only 
proper type placement, but other factors of type that affect legibility. Factors such as serif or sans 
serif font selection; regular, italic, bold and bold italic font choice; ability to control font sizes; 
developing a “typographic harmony” (Robinson 1952, p. 39) for a map; and use of upper case and/
or lower case text for labelling. 
Many older atlas maps placed text on a curve, especially when labelling physical features such 
as capes, points, bays, and the like. As Robinson pointed out, “...most type has been designed to be 
used in horizontal form” and “...when the letters are presented on a nonhorizontal or curved base 
they attract attention by their unharmonious position and appearance” (1952, p. 47). 
Of particular emphasis in The Look of Maps was the map structure. Robinson compared this to 
the planning of a written paper and in one simple sentence he stated the essence of good 
cartographic design is in “the apportioning of relative emphasis to the elements of subject matter” 
(1952, p. 55). That is to say that the cartographer should develop a visual hierarchy of the map 
elements to place the visual emphasis on the most important features progressing through to the 
least important. Correct choice of map projections was also felt by Robinson to be of significance 
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in developing the correct map structure, such as maps with straight parallels for climate maps (to 
demonstrate relationships) and maps with minimal distortion for atlas maps (1952). 
As stated earlier, Robinson felt that, along with lettering, colour was an area that cartographers 
grappled with in cartographic design. As colour was used in maps he felt that this changed the 
science of cartography to “a branch of subjective art” (1952, p. 75). With colour came clarity — 
“even one color in addition to black seems to increase enormously the clarity and the ease with 
which an item or group of data can be emphasized,” (1952, p. 76).  
One of the great challenges for cartographers of all eras has been the representation of terrain. 
With the development of colour in cartography, cartographers began to apply hypsometric tints to 
represent terrain. Initially the palettes applied were unsuitable, such as the visual spectrum — 
starting with green at lower altitudes, moving through yellows to reds for the higher altitudes. 
Robinson recognised that the areas of the greatest luminosity were the intermediate areas (yellow) 
which were not the most important areas of the map. Eduard Imhof was later to refine relief 
shading concepts and propose more appropriate colour schemes (Hurni 2010). 
Colour was being used in Australian student atlases at this point in time, with hypsometric 
tints used to represent terrain. From the publication of The Look of Maps in 1952 onwards, the way 
maps were designed, particularly for students, noticeably changed. As can be seen in Figure 2.4 
from the Philip’s New Comparative Atlas (1945), the hypsometric tints go through the spectrum 
from green through yellow to red, with the colours dominating everything else on the page. By the 
1970s the treatment of hypsometric tints had softened, so that the colours no longer dominated 
the design and the cartographic detail (text and line-work) was more prominent to the reader 
(Figure 2.5). 
One of the greatest and long lasting impacts to come out of Robinson’s thoughts, was his quest 
to research further into the cognitive aspects of cartographic design, and his desire for others to 
take up the challenge “through rational thought and systematic study” (Montello 2002, p. 285). 
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Another whose research into cartographic design was to have an impact on the way student 
atlas maps were designed was Jaques Bertin. In his book Semiology of Graphics (Bertin 1967), which 
was published in 1967 in France and translated into English in 1983, he developed the concept of 
visual variables (Morita 2011). This referred to six variables that differentiate an object on a two 
dimensional plane. The variables — shown in Figure 2.6 — size, value, texture, colour, orientation 
and shape, plus its planar position and its position in a series (Bertin 1967) — allow for the use of 
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Figure 2.4: Green, yellow, red hypsometric colour scheme from Philip’s New Comparative Atlas (1945).
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the map for “dynamic extraction of meanings by the manipulation of images using human visual 
perception” (Morita 2011, p. 86). 
From the time of their translation into English in 1983, Bertin’s ideas were being reflected in 
cartographic design around the world. At the same time offset printing technologies were having 
an impact on the design of student atlases — allowing more colour photography, better half-tone 
screens for combining colour and improved printing registration. 
Other changes were now beginning to take place:  
• text was placed horizontal to the page (as Robinson had suggested);  
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Figure 2.5: The Jacaranda School Atlas of 1969 (Honour et al. 1969) demonstrates the sympathetic use of 
hypsometric tints to emphasise line-work and text.
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• sans serif fonts were being used, as a wider variety of font designs were being developed for 
industry;  
• a more defined text hierarchy was being implemented; and  
• the use of relief shading was finding its way into maps. (Figure 2.7) 
The use of relief shading was more refined than the early attempts from the Collins atlas from 
1920, as it was predominantly done by hand using an airbrush or pencil. 
One major area of research to come from Robinson’s writings was cognition, in particular how 
the map user understands the information being communicated through the map. Montello (2002) 
in his paper entitled “Cognitive map-design research in the twentieth century: theoretical and 
empirical approaches,” discussed the history of research through that period. One of the earliest 
studies was on the psychophysics of graduated circles (Flannery 1956) and this type of 
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Figure 2.6: Bertin’s visual variables. (after Bertin 1967)
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psychophysical research continued over the next 25 years. This research saw thematic atlas maps 
from about the 1970s begin to incorporate proportional symbols to display population differences 
(Figure 2.7). 
A major result of the research through the 1960s was the development of a theoretical 
communication system model. The system proposed that a map was one part of a communication 
process, taking real world information through a cartographer’s interpretation of this information, 
to producing a map and finally the user interpreting this map. This communication model was 
expanded and modified by various researchers throughout the 1970s and 1980s, such as Koláčný 
(1969), Robinson and Petchenik (1977), Freitag (1980), Board (1981) and others. It is difficult to 
determine if this communication model had any influence in atlas design considerations. However 
it may have been an underlying influence on the way cartographers thought about their map 
users, as map designs were becoming simpler and less cluttered for young users. 
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Figure 2.7: The introduction of proportional symbols to represent population in Australian student atlases 
first appeared in the 1st Edition of the Jacaranda Atlas 1969 (Honour et al. 1969).
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Keates (1993, p.199) opined that the period from the 1960s to the 1970s saw the “flowering of 
cartographic design.”  From a publishing point of view, this was the period when student atlases 
burgeoned in Australia, with seven publishers contributing 18 atlases to secondary school 
students textbook lists. The atlas that was to have perhaps the greatest influence in terms of 
design was the Jacaranda Atlas. First published in 1969 this atlas went on to dominate school book 
lists through the 1970s, ’80s and ’90s. Throughout this period Rod Gerber, from the Queensland 
University of Technology, was researching cognitive aspects of map design for children (e.g. 
Gerber 1982). 
Up until this time atlas maps were produced manually. Through the early part of the twentieth 
century artwork was being drawn by hand with pen and ink. As camera and reprographic 
technology improved through the middle of the twentieth century, improved production methods 
using stable-based film for creating line work and production of high quality pattern screens 
improved the quality of map artwork. 
During the 1970s offset printing technologies allowed for experimentation with colour and 
relief representation. One general area that was beginning to be become evident in student atlas 
maps was that the colours were being presented in a bold and vibrant manner. Throughout the late 
twentieth century and into the early twenty-first century publishers were dictating that the map 
colours had to be vibrant as the teenage market was drawn to vibrant colours. As Buckingham and 
Harrower noted (2007, p. 31), “demand for bright colours originates in most cases from the 
publishers themselves who assume that children will be less interested in subtle color schemes.” 
There seems to be little evidence to suggest that bright colours make maps easier to read for 
children, in fact Buckingham and Harrower (op cit.) showed that there was no difference in a 
child’s understanding from a brightly coloured map to a map that contained softer colours. 
By the 1990s other scholastic publishers joined Jacaranda in the student atlas market. 
Companies such as Longman Cheshire, Macmillan, Oxford University Press and Heinemann were 
competing in the lucrative student atlas publishing landscape. To get a title listed on a school’s 
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booklist (Molyneux and Rossimel 2013) almost guaranteed sales of an entire print run and many 
hundreds of thousands of dollars in revenue.  
DeskTop Publishing (DTP) emerged during the 1990s and with this came postscript printing 
technology — an array of postscript typefaces and imagesetters capable of outputting artwork 
directly to film (Uluğtekin and Bildirici 2014). This technological leap enabled cartographers and 
publishers to bring down the costs and time of production of atlases significantly. At this time 
there were few software packages that could handle the complexity of producing highly accurate 
maps. Significantly, there were few freely available spatial databases to draw from to produce a 
high quality atlas. Publishers had to invest time and money to create and maintain databases from 
which to create artwork for their atlases. 
Geographic Information Systems (GIS) were in their infancy in the late 1980s–early ’90s. 
Software and hardware to run such a system was an expensive investment for publishers, as too 
was the cost of data. In Australia, the major publishers contracted out the cartographic design and 
production to smaller independent cartographic houses who prepared artwork using desktop 
illustration packages, such as Adobe Illustrator, or CAD packages, such as AutoCad. 
One researcher who, perhaps more than any other, has contributed to the knowledge of student 
atlas map design for children has been Patrick Wiegand, from the University of Leeds. Wiegand 
researched the cognitive aspects of map design for various age groups of children and has greatly 
enhanced the understanding of how to design maps for this audience. His work with the Oxford 
Student Atlas in the United Kingdom, along with the publication of his many years of research in 
Learning and Teaching with Maps (Wiegand 2005) has better enabled cartographers to design 
appropriately for their target audience. In his work Learning and Teaching with Maps (2005), 
Wiegand provided many suggestions about how to make better maps for children. For example: 
• including locator maps to provide context;  
• using the latitude and longitude lines for alpha-numeric referencing;  
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• using age-appropriate complexity of maps;  
• using bold symbology that can be clearly recognisable;  
• using bright colours; and  
• using clear typographic standards and label positioning for easier understanding.  
Many of his recommendations are apparent in the most recent examples of student atlases in 
Australia. 
Cynthia Brewer has also contributed greatly to our understanding of colour use in maps. Her 
work in colour perception has vastly improved the quality of thematic maps in student atlases 
since the mid-1990s. The development and subsequent availability of the ColorBrewer utility 
(http://colorbrewer2.org) (Harrower and Brewer 2003) allowed cartographers the ease and 
flexibility to select appropriate colour schemes for choropleth maps, even taking into account 
colour blindness if required. By selecting colour schemes along logical paths through perceptual 
colour space, the colour schemes best reveal the patterns and relationships within mapped data 
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Figure 2.8: Choropleth map from the Jacaranda Atlas 7th Edition using ColorBrewer styles.  
(Ramsdale, et al. 2010)
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(Gardner 2005). This technique greatly enhanced the understanding of thematic maps displaying 
ranges of data. Atlases such as the Jacaranda Atlas 7th edition (Ramsdale, et al. 2010) (Figure 2.8), 
Macmillan Global Atlas (Berry 2008) and the Oxford Atlas Project 3 (Hamper et al. 2008) all display 
the use of colour schemes presented in ColorBrewer. 
The major student atlases of today — Jacaranda and Oxford — have moved into the digital age. 
Previous editions included a CD-ROM with an interactive version of the atlas (Figure 2.9). 
Sometimes this involved a .PDF version of the book, whilst others included software applications 
that allowed the user to interrogate the data in a more sophisticated way. Digital maps allowed 
students to turn layers on and off, other screens allow the user to scan the non-map atlas content 
in a more intuitive and user friendly manner, moving away from the book paradigm. 
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Figure 2.9: Screenshot from the Oxford Atlas Project multimedia version. (Hamper et al. 2008)
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With the advent of a publicly available Internet in the 1990s international experimentation was 
done into how atlases could be adapted for delivery through this new medium. In particular the 
Atlas of Switzerland (Haberling et al. 2011) and the Atlas of Canada (Kramers 2007) were at the 
cutting-edge of development in this area. In Australia publishers were more circumspect about 
how to deliver atlas content through the world wide web, understanding that there needed to be a 
strong element of control in the content that was displayed and that stylistically it needed to 
match the printed atlas. The recent 7th edition of the Jacaranda Atlas (Ramsdale et al. 2010) and 
the Oxford Atlas 3 (Hamper et al. 2008) provided companion websites. Both sites relied heavily on 
the use of the Adobe Flash browser plug-in to present mapping and interactive content. 
2.5 Chapter Conclusion 
Today’s student atlases contain a wealth of information over many hundreds of pages and 
include maps, diagrams, charts, photographs and text, all of which are structured around 
educational curriculum guidelines. Hardcopy atlases — in the Australian context — have 
progressed from a plain reference book to delivering curriculum-based learning modules. Coupled 
with multimedia learning resources, such as companion websites or DVDs the atlas has been 
further transformed to a creation tool, allowing students to design and produce their own maps. 
Educationally, the atlas has evolved from a teaching tool to a learning tool. 
Looking at today’s atlases, a modern definition should include the fact that an atlas should 
allow the user to view their world in multiple media — by seeing the world in maps, learning about 
geo-political events in real time, collaborating and exchanging geo-information socially and using 
location based services to discover their local geography. 
Cartographers still need to understand the foundations set down by Robinson, Bertin and 
others when designing maps for atlases, and also need to understand and incorporate the user 
experience into their designs. How will their maps ‘engage’ the audience, enticing them to explore 
and interact to learn? Wiegand (2006) speculated about the inclusion of GIS software in the 
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classroom and students using GPS in their studies. A functional age-appropriate atlas presented 
on a tablet device (with GPS) could combine these two requirements, and more, to be an effective 
learning tool. 
In this chapter investigation of the history of student atlas publishing in Australia was outlined. 
The connections between cartographic research, available technologies and cartographic design in 
student atlases were shown. 
The next chapter will investigate the existing design research for maps both in print and for the 
web, and how this can be applied to cartographic design in student atlases using new technologies. 
In so doing, a picture of the minimum requirements in design specifications for print and web map 
production will be constructed. These minimum design requirements would allow publishers (and 
publishing cartographers) to develop a toolkit that better caters to the design requirements of a 
multi-published student atlas. 
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3 Best Practice in Map Design 
3.1 Introduction 
Cartwright (2009) opined that “art provides the ‘public face’ of cartography (and the 
cartographer’s passion when designing particular products perhaps the soul) and science 
complements this by ensuring that what is presented is scientifically correct, and what could be 
called ‘scientifically elegant’ as well.” Traditionally cartographers have designed maps for 
particular uses and users, such as topographic maps for bushwalking, road atlases for car touring, 
or student atlases for children. Each user has their own particular requirements and the particular 
cartographic design takes these into account. Features such as larger text and vibrant basic colours 
for student atlases, or clean white backgrounds and clear class distinctions between roads for a 
road atlas, are all decisions taken by a cartographer (or cartographers) when designing a specific 
map for a specific user. 
In the digital age designing maps for web sites or mobile devices has presented the 
cartographer with interesting challenges. How best to convey user specific information on a screen 
that comes in various sizes and resolutions, in conditions that the cartographer cannot predict (for 
example, indoor, at a desk, in a shopping mall, or outdoor, sunny, rainy or in-car)? 
Multi-published cartography combines some interesting design challenges. One wants to 
reflect a clean clear design across two entirely different media — print and digital — that use 
different colour spaces and have different requirements for font styles and sizes. A print product 
has just one use, whilst a digital product could have multiple uses, plus incorporate a level of 
interactivity and real-time data that a print product cannot achieve. Managing these different 
design complexities in a student atlas framework requires careful thought and planning. 
In the previous chapter the history of student atlas publishing in Australia and how technology 
and research have influenced atlas design was covered. To develop a structure whereby map 
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designs can transition across different media, the best practices in print and digital map design to 
determine a series of multipliers, or ‘design operators’, that can be applied to design features must 
first be investigated. By determining the minimum parameters for font size, line weights and 
symbol sizes these multipliers can be determined. 
3.2 Modern web mapping systems 
Over the last 10–15 years web mapping systems have been developed with GIS-type 
functionality, extracting data from a database and rendering it in realtime for on-screen display. 
The cartographic outputs from these systems has been less than pleasing and the user experience 
(UX) has been cumbersome at best. 
High quality web mapping quickly evolved with the development of Macromedia/Adobe Flash 
and Scalable Vector Graphics (SVG) (Ramos and Cartwright 2006), two file formats that enabled 
the cartographer to maintain crisp clean lines, patterns and type, whilst allowing the user to zoom 
and pan around a map. Interactivity and animations could be built in using the Flash and SVG 
formats. These formats are still popular today, with many web sites providing map content in this 
form. Flash and SVG allowed the cartographer to take artwork created for a printed map to be 
quickly and easily adapted for web use, as popular illustration software, such as Adobe Illustrator, 
allowed conversion to these file formats. Simple interactivity could later be added to the modified 
print artwork. 
Google Maps, launched in 2005, popularised a whole new approach to presenting maps on 
screen. The precursor to this was the application MapServer, developed by the University of 
Minnesota, which pioneered the tile map service (TMS). The Google Maps TMS comes with over 20 
zoom levels, rather than the standard metric map scales that users have been used to for 
conventional printed maps. The TMS is based on a 256 x 256 pixel tile with the whole world 
projected on to one tile as best as possible. The square tile has a global coverage of 180˚W to 180˚E 
and 85.06˚N and 85.06˚S, sometimes known as the ‘Global Mercator’ projection, or variously 
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known as ‘Google Mercator’, ‘Pseudo Mercator’, ‘Web Mercator’ or ‘Spherical 
Mercator’ (OpenStreetMap 2015). Each subsequent representation of the world is rendered double 
that of the previous view. In other words, the number of tiles = 4n, where n = zoom level. For 
example zoom level 1 contains 2 x 2 256 pixel tiles, zoom level 2 contains 4 x 4 256 pixel tiles, and 
so on down to zoom level 20. 
The TMS solved a number of issues over GIS-based mapping systems that delivered maps on 
screen: pre-rendered maps could be delivered quickly in the users web browser; and the map 
design was pre-rendered to the map tile. This allowed cartographers more freedom in design than 
that of GIS-based web mapping systems, as there is more control over colour selection, fonts,  and 
patterns, and tiles can be rendered at a resolution suitable for modern high resolution screen 
display.  
The downside of a TMS is the time it takes to render tiles, particularly at a global level down to 
zoom level 20, which makes a global tile set of almost six trillion tiles (Table 3.1). 
 Table 3.1: Tile Map Service structure (Schwartz n.d.). 
Zoom level TMS scale (approx.) Number of tiles (world 
coverage)
Zoom size (in tiles)
0 1:591 657 550 1 1 x 1
1 1:295 828 775 4 2 x 2
2 1:147 914 387 16 4 x 4
3 1:73 957 193 64 16 x 16
4 1:36 978 596 256 32 x 32
5 1:18 489 298 1,024 64 x 64
6 1:9 244 649 4,096 128 x 128
7 1:4 622 324 16,384 256 x 256
8 1:2 311 162 262,144 512 x 512
9 1:1 155 581 1,048,576 1024 x 1024
10 1:577 790 4,194,304 2048 x 2048
11 1:288 895 16,777,216 4096 x 4096
12 1:144 447 67,108,864 8192 x 8192
13 1:72 223 268,435,456 16 384 x 16 384
14 1:36 111 1,073,741,824 32 768 x 32 768
15 1:18 055 4,294,967,296 65 536 x 65 536
16 1:9 027 17,179,869,184 131 072 x 131 072
17 1:4 513 68,719,476,736 262 144 x 262 144
18 1:2 256 274,877,906,944 524 288 x 524 288
19 1: 1 128 1,099,511,627,776 1 048 576 x 1 048 576
20 1:564 4,398,046,511,104 2 097 152 x 2 097 152
Total tiles 5,864,061,949,269
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The TMS is rapidly becoming the way high quality maps are being produced for web and mobile 
devices. Interactivity can be added to the TMS by way of ‘tappable’ icons, rollover hotspots and 
support for vector and polygon overlays. Open source Javascript libraries and applications such as 
Leaflet, (http://leafletjs.com/), TileMill, (https://www.mapbox.com/tilemill/), Open Layers (http://
openlayers.org/) and even the Google Maps API (application programming interface) (https://
developers.google.com/maps) allow cartographers to visualise data in a TMS. 
3.3 Definitions 
Cartographic multi-publishing, for the purpose of this research, is defined as taking GIS data 
that may comprise many themes and producing maps for print, web and mobile media. This 
definition may change over time as new technology develops and old technology becomes 
redundant. 
Print mapping takes map artwork, separates this artwork into four colours, Cyan, Magenta, 
Yellow and blacK (CMYK), and recombines these colours on a printing press to recreate and 
duplicate the map artwork. Map features, such as lines, points, areas and text are made up of these 
four basic colours. In some instances extra ‘spot colours’ can be added to enhance the map 
product. This CMYK colour model is known as the subtractive colour model. Maps for print are 
static, two dimensional displays that demand no interaction from the user other than to consume 
the information presented on the page. 
Web mapping involves creating digital versions of a map or maps that can be static or dynamic 
and be displayed on a screen. Map colours are represented using combinations of wavelengths of 
red, green and blue (RGB) light. Today, monitors (or screens) can typically represent over 16 
million colours represented as various percentages of red, green and blue light. This RGB colour 
model is known as the additive colour model, as when red, green and blue are combined they make 
white light. 
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Map content on web maps can be made dynamic and interactive for the user by various 
techniques, such as hyperlinks, roll-overs, animations, video, audio, and so on. As listed 
previously, the most popular dynamic web mapping formats at present are Adobe Flash and 
Scaleable Vector Graphics (SVG), though there has been a change in web mapping technology in 
recent times, as technologies that require no browser plug-ins to operate, such as D3 (http://
d3js.org) and other Javascript-based technologies gain more popularity. 
Mobile mapping typically displays raster or vector maps on hand-held devices, such as smart 
phones, tablet devices and e-readers. Display of mobile mapping has many inherent problems, 
such as small screens with variable sizes and variable resolutions. Since this technology is in its 
infancy the main mapping application has been Google Maps, which has been available for the 
major mobile operating system platforms — Apple’s iOS and Google’s own Android. 
3.4 Recent Research 
3.4.1 Print mapping design 
Research into print mapping has developed over the past 70 years, with researchers such as 
Robinson, (1952), Petchenik, (1975), Keates, (1993), Bertin, (1983) and MacEachren, (2004) 
contributing significantly to the understanding of cartographic communication and map design 
for print. This foundation work in cartographic cognition has spilt over into studies in designing 
maps for children, atlas publishing, symbol design, colour, and map projections to name a few 
examples. Montello (2002) contends that this research has influenced academics and students to 
discuss cognitive map-design research. 
3.4.2 Web mapping design 
The Swiss Atlas 2, first published in 2004, is one of the best recent examples of an educational 
publication presenting maps in an interactive and engaging way for their audience. Hurni, Bar and 
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Sieber (1999) proposed a hybrid atlas production where the hardcopy printed atlas was the core 
product with an interactive component, a CD-ROM, that provided maps and data for analyses and 
comparison, and could be used in parallel with the hardcopy or separately. 
The Swiss Atlas 2 tried to “realise a synthesis between cartography, GIS, and 
multimedia,” (Hurni et al. 1999) by pre-defining styles and formatting developed by cartographers, 
while allowing expert users the ability to modify settings to further interrogate data and create 
user-specific maps. 
In 2008, Jenny, et al. (2008) compiled a set of guidelines for designing maps for the Internet. 
These guidelines took into account the existing technology of the time. Jenny, et al. suggested that 
design constraints for web maps included “...limited screen resolution and anti-aliasing, minimum 
dimensions and distances for map features, the generalisation of information density and 
geometry, screen typography, colour rendition…” (p. 31). New tablet devices and smart phones 
have high resolution screens that make images and typography crisp and clean, making pixels 
barely distinguishable, alleviating limitations in screen resolution and anti-aliasing. This is not 
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Figure 3.1: An example of the four common screen dimensions among selected tablet manufacturers (2012).
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true of all devices however. Of particular concern with these new mobile devices are screen sizes 
and the lack of standards and uniformity across manufacturers (Figure 3.1). 
 Screen ratios vary from manufacturer to manufacturer, screen resolutions vary, and these 
impact on what can be viewed onscreen. For example, a 256 x 256 pixel tile when viewed on a 92 
ppi display is 70.678 x 70.678 mm in size, whereas on a 326 ppi display the tile is 19.946 x 19.946 
mm in size. Line weights, symbol sizes and fonts are compressed to almost 30% of their originally 
designed size when displayed on the higher resolution device. Frustratingly for cartographers, 
they have no control over what device their web map is being viewed on and how the map design 
will ultimately look. 
3.4.3 Tile Mapping Service design (for mobile devices) 
Since the rise of Tile Mapping Services much research activity has been undertaken in the area 
of design for multi-scale maps. In particular, significant work has been done by Roth, et al. (2011) 
in the development of a design schema, ScaleMaster, to assist cartographers when creating 
seamless multi-scale maps. In the words of Roth, ScaleMaster is “a conceptual schematic for 
organising, maintaining, and sharing the scale-dependent design specifications of a multi-scale 
mapping project” (p. 29). Defined in a series of spreadsheet tables, ScaleMaster uses unique codes 
to describe actions done to data, such as turning data layers on or off, filtering data, reducing line 
weights or font sizes, and many others. In this way clear rules are established and map designs can 
be replicated on other projects across a series. 
Recently, Patterson (2012) researched what was the most appropriate generalisation and 
exaggeration of shaded relief in multi-scale web maps, providing a useful matrix for the design of 
relief at various scales. Vertical exaggeration and resampling of Digital Elevation Model (DEM) 
data was necessary for the highest zoom levels in a TMS, ranging from 1x vertical exaggeration at 
the lower zoom levels of 19 to 15, extending to a vertical exaggeration of 45 at the global view of 
zoom level 0. 
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3.4.4 Questions to address before beginning map design and production 
When creating a multi-published map it is important to consider the various modes of 
presentation. For print maps questions arise such as: 
• what will be the geographical extent(s) of the map? 
• on what sheet or page size will the map be printed? 
• what is the most suitable projection and scale? 
Similar questions need to be asked for display on the web, though now the cartographer needs 
to be mindful of screen display sizes and resolutions rather than page or sheet sizes. Different 
from print, the web map may require a level of interactivity, so thought needs to be given to how 
this interactivity may behave for the user, in other words, the user experience (UX). Will the map 
be created using Flash or SVG, or will it be a TMS? 
For mobile devices a TMS is assumed as the best system for display of map data at this point in 
time, as the Apple iOS does not display the Flash file format. Generally the projection will be 
Spherical Mercator, so size, shape and distortion need to be considered when determining the map 
extents. Given this proviso, questions arise such as: 
• what zoom levels are to be incorporated? 
• what is the largest spatial extent to be covered, plus what intermediate steps are required to 
zoom to the area of interest? 
• what levels of data are to be displayed at each zoom level? 
• what interactive map elements are required? 
• what non-map elements are required (legend, north point, bar scale), or are they required at 
all? 
• will the user be able to search for features on the map? 
• what interaction will the user have with the search results? 
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With these questions answered the spatial and aspatial datasets required for the total project 
and what data needs to be created to provide interactivity for the digital mapping can then be 
considered. If designing an interactive map for a mobile device, the user experience and the data 
required are very much intertwined. For example, if the user touches an icon on the map, what 
interaction happens? Does an information box pop up to display the name of the point, some 
contextual text, a photograph of the point, or a star rating? Is this data dynamic or is it built in? 
All this type of information needs to be stored in a database of some type, perhaps something as 
simple as a table, that contains the various elements that need to be displayed, or as complex as an 
SQLite database. 
When these questions have been considered and answers determined it will be clearer what 
type of specific databases need to be created to allow for the type of interactivity required. 
Designing the databases and the feature classes required for interactivity is desired for web and 
mobile requirements, but some of the content may also be utilised in the print map, such as 
feature descriptions, ratings, images, place names, and so on. 
3.5 Design Features 
Typically a static map is made up of elements such as points, lines, areas and text, with 
associated map marginalia. Points can take on the appearance of simple circles and squares to 
represent a particular feature or a large geographic area depending upon the scale of the map, for 
example a black square for a building or a black circle for a large city. Points can also be 
represented by more complex symbols, such as a triangle with a small circle in its centre for a 
trigonometric station, or a more complex icon, such as a stylised tent on a coloured square to 
represent a camping area. Each symbol design plays its part in determining the user’s expectation 
of the symbols they would see on a map, based on their familiarity with using maps per se, and 
their experience in the real world. For example, a tent icon would logically imply camping, which 
the user would expect to find at that point. The choice for the cartographer is often not which 
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symbol to use, but how best to represent a certain feature on the map. What size should it be? 
What colour is best? How does the symbol sit in the visual hierarchy of the map? Should the icon 
be reversed from a coloured area? What other information is associated with this point that needs 
to be represented on the map? 
The design and display of lines may sound like a relatively straightforward decision for a 
cartographer to make. After all, rivers are blue, roads are red, man-made features are black. These 
conventions may hold true for particular types of maps, but in practice many maps don’t use these 
paradigms. Think of Google Maps, London’s A-Z street directory or the U.S. National Parks Service 
maps (Figure 3.2). Lines form the structure around which the map is made, delineating geographic 
and man-made features, or showing elevation and air pressure. The line weight, line pattern and 
colour all combine to form an intrinsic map element that is quickly and easily interpreted by the 
user. 
Figure 3.2: Examples of maps not using the traditional styling of topographic maps. 
Areal features on maps generally take the form of colours or patterns, sometimes textures, and 
can be large or small complex shapes. Areal features can be regarded as land masses, political 
areas, man-made areas, such as parks and reserves or physical features, such as lakes, swamps, 
rocky outcrops or vegetation. 
Google Maps - 2015 A to Z - 2015 US National Parks Service
(Google 2015) (A to Z 2015) (Patterson n.d.)
  $ $
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3.5.1 Colour 
Colour choices should take regard to the need to work across multiple colour models and 
colour modes. Print colours will be specified using the CMYK colour space (known as an 
application specific colour space) (Tkalcic, 2004), with each colour on the map specified as a 
percentage of Cyan, Magenta, Yellow and blacK. In instances of black type placed over colour 
this needs to be further specified as an overprint, and consideration needs to be made for 
colour trapping. These are all necessary components of preparing artwork for printing on a 
multi-colour printing press. 
Preparing a map for screen display on the other hand has a different set of requirements. 
The colours displayed will be in the RGB colour space (known as human visual system-based 
colour space) (Tkalcic, 2004). The RGB colour space was designed to replicate the colours 
seen by the human eye. When used on computer monitors and screen devices, the colour 
space is limited. This limitation makes the RGB colour space device-dependent, and as such 
will vary slightly from device to device. 
For maps to be printed on traditional printing presses they need to be produced in the CMYK 
colour space (Figure 3.3). Each colour on the map is specified as a percentage of Cyan, Magenta, 
Yellow and black (K stands for ‘Key’). In instances of black type placed over colour this needs to be 
further specified as an overprint, and consideration needs to be made for colour trapping. All are 
necessary components of preparing artwork for printing on a multi-colour printing press. 
Preparing a map for screen display, on the other hand, has a different set of requirements. The 
colours displayed on screen will be in the RGB colour space (Figure 3.4). The amount of different 
colours available in the CMYK colour model is less than the RGB colour model, which limits the 
choice of colours available when looking at a multi-published design. Whilst there is no way to 
precisely convert a CMYK colour to an RGB colour, colour tools from graphics software 
applications give a good approximation of what the user will see both on screen and in print. 
There are also a formulae available for conversion from one colour system to another, though 
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colours can vary slightly from one another. It is notable that some colours that are viewable in one 
system cannot be replicated in another, and older monitor models cannot display the full 
spectrum of 16 million + colours that are available on present-day (24 bit) monitors. 
To ensure consistency in the visual representation of our colours in the map design, colours 
should be selected that can be found in both the CMYK and the RGB colour spaces (Figure 3.5). 
!48
visible 
spectrum
CMYK 
colour 
space
700nm
400nm
520nm
Figure 3.3: CMYK colour space (based on CIE Colour System).
visible 
spectrum
RGB 
colour 
space
700nm
400nm
520nm
Figure 3.4: RGB colour space (based on CIE Colour System).
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Some software applications give you an indication of which colours are available in both, such as 
Adobe Photoshop, whilst many do not, particularly GIS, web mapping and development 
applications for the web. Therefore colour selections need to be done well in advance of building 
the final map output (for either print or web). 
Industry standard graphics software such as Adobe Illustrator and Adobe Photoshop display 
colours in a colour picker that gives breakdowns for the various colour models. A colour palette for 
a map can then be created quickly and easily that ensures that a colour will display correctly 
across the two colour models (Figure 3.6). 
Colours selected will need to work across the various colour systems. It is worth noting that 
some colours that are viewable in one system cannot be replicated in another and older monitor 
models cannot display the full spectrum of 16 million + colours that are available on present-day 
(24 bit) monitors. All major models of tablet devices have 24 bit displays. 
Colour choices are constrained to the CMYK and RGB variants. Whilst there is no way to 
precisely convert a CMYK colour to an RGB colour, the standard colour picker from Adobe 
Illustrator or Photoshop applications gives a good approximation of what the user will see both on 
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screen and in print. A warning is displayed in the colour picker if a colour selected falls outside the 
gamut of print and screen display. 
In an all-encompassing paper regarding using colour effectively for computer graphics, by 
McDonald (1999) he set out a series of guidelines about designing for screen viewing. Some of the 
more relevant guidelines that could be applied to designing maps for screen viewing were: 
• be aware that surrounding colours, field size and viewing conditions can all change the 
colour’s appearance; 
• create harmony in a design by using a limited palette of colours — no more than 10; 
• use colour for association and differentiation of a design’s elements; 
• use bright, highly saturated colours to attract attention, but not for prolonged viewing; 
• ensure good legibility by providing adequate contrast between text and background; and 
• use colour in conjunction with other visual variables. 
Many of these guidelines for screen display hold up well for design of graphics for print and 
need to be considered when designing features on a map. 
Colours that would typically be softer for a printed map may be so faint on a screen display that 
they are barely perceptible. In contrast, vibrant screen colours appear duller and flatter on a 
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Figure 3.6: Adobe Illustrator CS Colour Picker showing available colour systems.
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printed map, as they fall outside the printable colour spectrum. To achieve a better representation 
of vibrant colours specialty inks can be used, though this comes at additional cost. 
When creating maps for a TMS it is often required to make the map base line work appear to 
increase in intensity as the user zooms in. This can be achieved in two ways: by increasing the 
line’s weight; and by increasing the line's colour by varying the hue and saturation, for each 
subsequent zoom level. This gives the impression to the user that they are seeing more detail as 
they zoom in to a feature.  
One aspect of cartographic design that gets little attention is designing for colour-blindness. 
Jenny and Kelso (2007) investigated this and provided some guidelines about how colours, lines 
and point symbols should be adapted to account for colour-blindness. Many of these guidelines 
also assist in making maps more readily understandable by those with normal vision, and in 
particular young map readers with more basic map reading abilities. 
In summary, these findings included: 
• choosing unambiguous colour combinations; 
• using alternative visual variables; 
• directly annotating features; 
• distinguising geometric shapes in combination with varying hue and saturation; and 
• modifying hue and saturation with varying line patterns and annotations; 
Jenny and Kelso (op cit.) further add that digital environments should allow the user to 
customise their own colour scheme to suit their needs, and provide methods to query individual 
elements (such as tool tips or labels displayed on demand). 
When designing maps for young learners Wiegand (2006, p54) suggests that children need to be 
able to discriminate colour using vocabulary. This is important for younger map users who may 
have difficulty in describing a shade of blue (navy blue or royal blue), for example. By keeping 
colour choices simplistic in map designs we can keep colours in a combined colour space and also 
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make them understood by young children. The choice of colours in a multi-published student atlas 
therefore narrows as various technical and pedagogical criteria are met. 
3.5.2 Patterns 
In traditional cartography patterns have been used to define areal features such as 
hydrographic features, vegetation types and man-made features. To date little research has been 
done on whether these traditional patterns are affected by being displayed on a screen. As such, it 
is difficult to discuss any design rules or best practice, though as a guide, issues such as line 
weights and colours should be observed when designing patterns for screen display.  
3.5.3 Symbols 
Point features are represented by unique symbols that graphically identify a feature. The 
symbols, or icons, should be represented at a size, shape and colour that allows for ready 
interpretation by the user. Symbols for web and mobile maps may be represented as raster or 
vector graphics. Issues such as pixelation and anti-aliasing may occur around the edges of symbols 
displayed on screen, which will affect how small features may be perceived. Raster symbol files 
should be saved in PNG (Portable Network Graphics) format, rather than .JPEG, as this allows for 
the 24 or 32 bit artwork to be stored with an alpha channel — transparency — with lossless 
compression, ideal for overlaying onto a map base (Robinson et al. 2013). Symbols can be 
represented as vector graphics (SVG) where pixelation and anti-aliasing are no longer an issue, as 
the symbol is rendered correctly for the resolution of the device in real time. 
The design of symbols and icons can be a highly specialised craft. Shapes of symbols need to be 
quite different from one another to be instantly distinguishable, yet simple enough to be 
understood at various sizes. Symbol designs have to be familiar and meaningful and used in a 
relevant context, and should be designed at the size that they are being used (Hofmann 2012). 
MacEachran (2004) suggests that symbols can be further refined as either pictorial, associative or 
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geometric and defines this as a symbol’s ‘iconicity’. Pictorial symbols are graphic representations 
of the feature, whilst associative symbols are designs that associate with a feature, such as a pick 
and shovel for a mine, and geometric symbols are shapes that represent a feature, such as a star 
for a capital city. 
As the user zooms in to their area of interest, features should become larger, much the way one 
might view the Earth from the air, as we get closer small features become larger. The paradigm 
should be extended through to point features that are symbolised. A point symbol may represent a 
city at country level, but becomes a polygon at a regional level and eventually becomes a network 
of lines. Likewise, a symbol representing a hotel may appear at a city level, and increase in size by 
a number of factors down to property level. The same point symbol should only be represented at 
one size on the print map and the SVG web map.  
On a multi-scale map the point at which a symbol changes from a point to an area feature is 
one that has no firm agreement amongst cartographers. Should a symbol change based on the size 
and scale of the feature, or should it change based on how familiar the feature is to the user? 
Change based on familiarity may be difficult to determine as the cartographer would not know the 
map users knowledge or experience. Change based on size and scale would be simpler to 
implement through a multi-scale map. 
3.5.4 Labels 
When considering labels for multi-published maps it is preferable to consider fonts that have 
been specifically designed for on-screen reading. Typographers take great care and attention in 
designing minute aspects of their fonts so that they can be easily read on a screen display (either 
small or large) and that character shapes are distinguishable from one another. Zhang (2006) 
investigated a number of commonly used typefaces found on everyday computers and formed the 
following conclusions: 
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• long serif design can cause mis-classification of letters, particularly ‘b’ and ‘h’, ‘u’ and ’n’, ‘o’ 
and ’n’ or ‘o’ and ‘u’; 
• balance between x-height and ascenders and descenders is important 
• contrast between vertical and horizontal strokes is important; 
• dissimilarity of characters is important, such as ‘l’ and ‘I’ in sans serif fonts; and 
• unfamiliar character designs hinder legibility. 
There are numerous fonts from the sans serif type class available in the marketplace and as 
Robinson (1952) and others have pointed out, these should be used in preference to other 
typefaces for labelling on maps. 
When reading type on screen, the minimum point size of a font is important. This may be larger 
than the point size used for display on a printed map, which typically has a minimum of 5 or 6 
points, for screen it should be 9 point (Brown 1993). (1 point = 1/72 inch.) 
Varying label size for map features in a TMS is a way of establishing a visual hierarchy amongst 
features. For example, a view of Australia may show state names and capital cities, with capital 
cities set in Helvetica Regular 9pt. The next zoom level down may show the capital city label as 
Helvetica Regular 10pt, with the following zoom level as Helvetica Bold 12pt. In this way the 
emphasis is maintained on the major city by altering its label size and style as other features and 
labels are also added to the map with progressive zoom levels. Examples of this effect can be seen 
in the Google Maps base map (http://maps.google.com) and the Mapbox Streets base map (https://
www.mapbox.com/editor/?layers=mapbox.streets#style). 
Designing sample screens at the various zoom levels aids in developing a typographic 
‘language’ that is consistent throughout the multi-layered map, which can then be utilised for the 
final print version. 
3.5.5 Orientation 
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Convention tells us that north is to the top of the map (Robinson 1952, p. 62). In most cases 
this is true, but in some instances it may be necessary to rotate a map, or the map projection is 
such that the north angle varies across the map. In print we would indicate this using a north 
point and orient this in the correct fashion. For web display the same approach may be taken, 
though for a TMS using the Spherical Mercator projection north is always to the top of the map 
tile. The question arises then, do we need to show a north point if this is always the case? 
Some navigation apps for tablet devices, such as Google Maps, allow the user to have a ‘heads 
up’ display, where the map tile rotates (using the compass in the mobile device) in the direction 
that the user is heading. In this instance some form of orientation display is required, such as a 
compass needle or heading value, to enable the user to orient themselves in relation to north. 
In the Australian geography learning context, it has become a key part of the curriculum that 
students use the BOLTSS mnemonic to remember the six key features that should appear on a map 
— Border, Orientation, Legend, Title, Scale and Source (Ramsdale 2010, p. 2). When developing a 
multi-scale web map it may be necessary to include a north point or directional arrow for 
completeness. 
3.5.6 Scale 
When working with a static map, scale is generally rounded to the nearest thousand, ten 
thousand, or million to allow for easy distance calculation and measurement. When designing for 
a TMS, scales are based around the standard 256 x 256 tile size and Spherical Mercator projection 
(see Table 3.1) and as such, displaying a static scale bar becomes redundant. Creating a dynamic 
scale bar that resizes as the user zooms in and out is more meaningful, and whilst it may not be 
used for measurement, it at least gives the user a quick visual guide to approximate distance on 
the map. Similarly, the use of a representative fraction to define scale becomes problematic and 
confusing for users, particularly young users, when a TMS scale may be shown as 1:73 957 193. 
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In conforming with the BOLTSS philosophy it would be beneficial to include a dynamic scale 
bar for young map users to understand relative distances on the map. A complicating and 
potentially confusing issue is the variance in scale away from the equator in the Web Mercator 
map projection. 
3.6 Data considerations 
Before any work on data can begin, extent planning allows the cartographer to determine the 
geographic extents of the printed map, web map, and the TMS map. When considering the 
zoomable map, the cartographer may wish the initial map view to be continent based or region/
state based. Intermediate zoom levels will need to have their own geographic extents to enable the 
user to ‘drill down’ in a logical manner. When preparing data for this multi-published model the 
cartographer needs to be aware of the different projections for each display, as an example a print 
map may use a UTM (Universal Transverse Mercator) projection, whilst the mobile map will need a 
Spherical Mercator projection. Data may also need to be sourced at different scales to create the 
mobile map, in which case there will need to be consistency in feature class naming conventions. 
Having a ScaleRank or ZoomLevel field enables the cartographer to determine which features 
are displayed at which zoom level. Having these fields also determines a hierarchy of features that 
will be displayed on the map. As an example, country capitals may be displayed at zoom level/
scale rank 3, state capitals may be displayed at zoom level 4, major cities at zoom level 5, and so 
on. 
For dynamic map features (typically point features) containing aspatial data with unique 
information, such as hotel, restaurant, camp ground information, this data may either have to be 
constructed or joined to an existing feature dataset. This aspatial data may come from web sites, 
spreadsheets or other sources dependent upon the subject matter of the map. Knowing what will 
be displayed on the final screen will allow the cartographer to create a master spatial dataset for 
use on the print map, a web map and a mobile device. 
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The ScaleMaster schema (Roth et al. 2011) can be used to specify what ‘mapping operators’ are 
to be applied to which data layers. Operators have been broken into four types—content, 
geometry, symbol and label. These operators are further classified into actions that are specific to 
the type of operator. For example the content operator can add features, eliminate features, 
reclassify features and reorder features. This paper does not discuss all the types of operators 
available, though it identifies ScaleMaster as a design tool worthy of inclusion in the multi-
publishing workflow. 
3.7 Documentation and Collaboration 
Large scale projects, such as atlas production require concise documentation to clearly 
define the project scope, the user requirements, the resources required to create the atlas, 
and a tight set of specifications. Documentation within collaborative groups can utilise 
cloud-based technology to keep documents private, yet also be shared with anyone in any 
location, even collaborators in other countries. 
Free and low-cost cloud-based technology, such as Dropbox (https://www.dropbox.com), Box 
(https://www.box.com/), Google Drive (https://drive.google.com/) and many others make document 
and file sharing simple. An additional benefit of this cloud-based technology is that files are 
also backed up. From a development standpoint, code-sharing sites such as Github (https://
github.com/) allow source code, files and documentation to be publicly shared. Cloud 
technology is also being embraced by software vendors, such as Adobe, to allow collaboration 
amongst designers. Adobe’s Creative Cloud applications synchronise files to cloud storage, 
enable sharing of files with other designers and version control of files. 
The creation of templates, particularly for print artwork, ensures consistency of graphic 
styles, symbology and fonts. Templates can also be stored and shared using cloud-based 
technology for collaboration purposes. 
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The use of wikis enable collaboration of web-based documentation and are ideal for 
containing a repository of all project knowledge when working on large projects, such as 
atlases. 
3.8 Chapter Conclusion 
Field and Demaj (2012) tried to define what is good cartographic design by reflecting about 
high quality examples of cartographic design, which included old and new, print and digital, and 
static and interactive maps. The maps they chose solved a unique problem or displayed a very 
specific dataset. Ultimately the maps were successful because they took a “map-making problem” 
and “create(d) a coherent product that exhibits clarity for a specific purpose and user group” (p. 
78).  
Respected Italian designer Massimo Vignelli expressed in his canon, The Vignelli Canon (2010), 
that, “good Design is always an expression of creative strength bringing forward clear concepts 
expressed in beautiful form and color, where every element expresses the content in the most 
forceful way.”  (p. 24). This statement captures the essence of what cartographers should strive for 
when designing maps for any platform or format. From a user’s perspective, Cartwright and 
Peterson (2007 p. 2), said, “People want to ‘get into’ the map, both spatially and conceptually.” 
Creating multiple products in different media enables users to ‘get into’ a new, dynamic and 
interactive view of the world. 
Designing for multiple media is little different for designing for a single media, though the 
journey to the end may be slightly different to what traditional cartographers have been used to. It 
is essential to determine the final map design and the geographic extents of all maps early on in 
the design process. The cartographer should develop a typographic language that users 
comprehend and that translates between print and screen display, taking care when selecting 
suitable fonts. Symbol designs need to be familiar and meaningful. Data structures will evolve 
once the final design of the TMS maps have been established and when selecting which data will 
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be displayed on dynamic and interactive map features has been determined. Documenting these 
data structures is all important and a design specification document should be produced to allow 
for replication. 
Multi-publishing is an evolving area, not just in spatial science but the publishing industry in 
general. In cartography it draws on many areas of existing research for print and web map design. 
Research has been done in areas of generalisation and schema development, but less so in areas of 
design. There is a growing community of cartographers experimenting and developing in TMS 
with an active ‘blogosphere’ sharing thoughts, techniques, scripts and tools for producing and 
designing maps for the web and mobile devices. 
In this chapter best practice in map design for print and web has been investigated. Map 
elements such as colours, fonts, patterns, symbols, map orientation and map scale, for both print 
and web maps, have been studied to establish design principles for each media. Designing for 
multi-scale web maps was also explored, as was the various screen sizes and resolutions available 
for mobile devices. 
In the next chapter a series of design operators, or multipliers, is proposed as a method to guide 
cartographers in the use of best practice for converting map elements from print to digital. 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4 ‘Design operators’ — converting print to digital 
4.1 Introduction 
In the previous chapter “what is good cartographic design” and “what are the base rules to 
adhere to when selecting fonts, line weights, colours and symbols for a map” were discussed. In 
this chapter, based on some of these findings, some ideas about how these design elements could 
be converted from print to digital using a series of ‘design operators’ is proposed. 
In the context of this research the term ‘design operator’ is used in relation to a ‘multiplier’ that 
may be employed to convert. For example, a font size for print, to a font size for digital output. For 
each element of a print map — font, symbol, line or pattern — a design operator can be applied to 
convert the design element to work in the digital space. 
Roth, et al. (2011) used a series of ‘operators’ to generalise features in multi-scale digital maps. 
This research proposed to take this concept a step further to apply a multiplier to design elements 
from print artwork to digital artwork. 
For a multi-published atlas product, a series of design operators will aid in the specification 
phase of the atlas production, by quickly generating a new set of digital specifications from a set of 
print specifications. 
4.2 Recent research 
The concept of an 'operator' applying a function to a design element is not a new one.  Roth et 
al. (op cit.) used a series of 'operators' in their ScaleMaster schema to apply cartographic 
generalisation functions to particular features in a multi-scale web map. ScaleMaster was 
originally built in the Microsoft Excel spreadsheet application and was used as a planning tool, 
prior to building a multi-scale web map, to determine which datasets to use and what type of 
generalisation would be applied to features in those datasets. 
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Roth et al. (2011) ordered generalisation operators into four classes:  
• content operators (add, eliminate, reclassify, reorder);  
• geometry operators (aggregate, collapse, merge, displace, exaggerate, simplify, and 
smooth); 
• symbol operators (adjust color, enhance, adjust iconicity, adjust pattern, rotate, adjust 
shape, adjust size, adjust transparency, and typify); and  
• label operators (add labels, eliminate labels, adjust appearance, and adjust position).  
Each operator was given a code, such as aggregate = Gg, collapse = Gc and merge = Gm.  These 
codes were variously applied to different datasets at different scales in the design and production 
of a multi-scale web map. 
Figure 4.1: ScaleMaster spreadsheet typology of operators applied to various datasets at different scales 
(Brewer et al. 2007). 
The use of these codes provides a background as to how other operators could be applied to not 
just data features, but design elements, such as fonts, lines and symbols, of a multi-scale map, and 
also when a feature is rendered on a particular device. 
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The major mobile software vendors — Apple (2014) and Google (Android) (Android n.d.)— offer 
advice to developers about the types of multipliers that should be applied to artwork when 
considering different resolution devices, and devices with different screen sizes. Surprisingly, they 
all offer different advice. 
Apple (2014) recommends a straight 2 x multiplier for all artwork when converting from low 
resolution devices to high resolution devices, that is from an older iPhone or iPad model to the 
newer retina display iPhones and iPads. Google (Android) (Android n.d.) on the other hand breaks 
down screen densities, or resolutions, into four generalised classes, or buckets, to use their 
terminology — low, medium, high and extra high density. Each class has the following multipliers 
— low 0.75, medium (baseline) 1.0, high 1.5 and extra high 2.0. 
So are these multipliers suitable for converting map design elements for viewing on mobile 
screens? In Chapter 6 this is put to the test. 
4.3 Factors to consider in conversion — not everything is equal 
As alluded to in the previous section, an important consideration when converting a map 
design from print to digital is the display resolution of the device that the map will be displayed 
on. Knowing the display resolution of the device will determine the size of the font to be 
displayed, the thickness of line weights and sizes of symbols. It is not a simple exercise to predict 
this, as, depending on the model and device used, the display resolution could be one of many, 
varying from 72 ppi to 326 ppi (see Appendices 4 and 5). For example, the traditional Windows 
desktop display resolution is 92 ppi, whilst the Apple Mac desktop display resolutions are between 
72 and 120 ppi (Gabriel n.d.). What this means is that the physical size of the monitor’s pixel 
varies between desktop displays. A 92 ppi display has a pixel size of 1/92 of an inch, or 0.0108 
inches square (0.2717 mm). A 120 ppi display has a pixel size of 0.0083 inches square (0.2083 mm). 
The ratio between to two displays is approximately 1:1.3. 
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How does this impact on features displayed on screen? Take a square of 120 x 120 pixels. On the 
120 ppi screen this square will display as 1 inch by 1 inch in size. On the 92 ppi screen, the same 1 
inch by 1 inch square will be displayed 1.3 times the size (1.3 inches by 1.3 inches). The higher 
resolution 326 ppi screen will shrink the 1 inch square to almost one third its size. 
Figure 4.2: Left. A 1 inch square as seen on a 120 ppi screen. Right. The same square as seen on a 92 ppi 
screen. 
The screen resolution effect has profound impacts on map tiles used on common web mapping 
systems. As outlined earlier, web mapping tiles are commonly 256 x 256 pixels in size, but 
depending on the resolution of the screen viewed upon, the detail of the tile can be distorted 
(shrunk or enlarged). When rendering tiles, most web map servers generate tiles assuming a 
standard Windows display of 92 ppi, (though this can be over-ridden at the processing stage). Some 
web map tile generators (TileMill, Mapbox Studio, MapTiler, ArcGIS and others) offer an option to 
double the size of the tiles (512 x 512 pixels) to take into account the higher resolution devices on 
which tiles may be viewed. 
Colour displays also vary according to vendor. Romero's (2013) research showed that colours 
can vary from device to device and manufacturer to manufacturer. At the time of this research 
none of the mobile devices investigated used any colour management system. Romero’s research 
concluded, that while most devices tested were within an acceptable tolerance, all devices 
displayed colours slightly differently than the standard control image. Older model mobile devices 
fared the worst, with more modern equivalents performing better, which would indicate that 
colour variation is improving across devices. 
These colour and resolution variations are important to consider with the rise of the Bring Your 
Own Device (BYOD) culture in schools, universities and workplaces (DEC 2014). As mobile devices 
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become ubiquitous, no longer are institutions purchasing, or recommending to purchase, one 
particular type of device or operating system. Rather, they support user's providing their own 
mobile devices for use in a classroom or workplace environment. 
BYOD provides other challenges, not only for users, but for developers and designers. Not all 
device specifications are the same — different hardware and software configurations, different 
speed of devices, and perhaps importantly, different costs. Users will be bringing a wide variety of 
devices to the table, metaphorically, whilst some may bring none at all. 
4.4 The problem of monitor resolution 
As stated earlier, screen sizes and resolutions vary in computer and device monitors. Jenny et 
al.’s (2008) research highlighted the variations in an attempt to determine minimum 
specifications for design of web maps. Results of Jenny et al.’s monitor research are shown in the 
Table 4.1. 
Table 4.1: Size and resolution of commonly used liquid crystal displays (LCD) (Jenny et al. 2008 p. 36). 
Mobile devices use the similar screen technology as computers — but with smaller screens. 
Colours appear in the RGB colour space, therefore the colour constraints mentioned in the 
previous section are still relevant to designing in the mobile space. All major models of tablet 
devices have 24 bit displays. 
Screen sizes and resolutions vary from computer monitors to mobile devices (smart phones and 
tablets). The Apple iPad Air has a screen resolution of 264 ppi (pixels per inch), whilst the 
Display size Number of pixels Visible area Pixel size (mm) Resolution (dpi)
17” 1280 x 1024 338 x 270 mm 0.264 96
19” 1280 x 1024 376 x 301 mm 0.294 86
20” 1400 x 1050 408 x 306 mm 0.292 87
20” 1600 x 1200 408 x 306 mm 0.255 100
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comparable Samsung Galaxy Tab S 10.5 has a screen resolution of 288 ppi. To update Jenny et al.’s 
2008 research Table 4.2 shows the screen resolutions of the two market-leading tablet devices and 
models. 
Table 4.2: Size and resolution of the market-leading tablet devices in 2015 (Apple n.d., Samsung n.d.). 
As can be seen from Tables 4.1 and 4.2, in the space of seven years, display technology has 
vastly improved with the introduction of more pixels. Images are sharper and the visible 
appearance of pixels on screen has become diminished, to the point where it is hard to discern 
individual pixels. 
Jenny et al. (2008) estimated that computer monitors were viewed from a distance of around 60 
cm, which assumed a minimum viewing line width of 0.17 mm. Paper maps, on the other hand, 
had a viewing distance of 30 cm, which had a minimum viewing line width of 0.09 mm, hence a 
long held belief that the minimum line width for paper maps should be 0.1 mm. 
Due to their hand-held nature, mobile devices (tablets and smart phones) would have a 
different viewing distance to computer monitors. Whilst this viewing distance will vary from 
person to person, the resolution of devices affect the quality of the line widths displayed. Using 
Model Display size Number of 
pixels
Visible area Pixel size 
(mm)
Resolution 
(ppi)
Samsung Galaxy Tab 
S 10.5 10.5” 2560 x1600 226 x 141 mm 0.088 288
Samsung Galaxy Tab 
4 10.1” 1280 x 800 216 x  135 mm 0.168 216
Samsung Galaxy Tab 
Active 8.0” 1280 x 800 172 x 107 mm 0.134 189
iPad Air 2 9.7” 2048 x 1536 197 x 148 mm 0.096 264
iPad Air 9.7" 2048 x 1536 197 x 148 mm 0.096 264
iPad mini 3 7.9” 2048 x 1536 158 x 118 mm 0.077 326
iPad mini 2 7.9” 2048 x 1536 158 x 118 mm 0.077 326
iPad mini 7.9” 1024 x 768 158 x 118 mm 0.154 163
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Jenny’s calculations, it can be seen (Table 4.2) that the new iPad and Galaxy Tab screen resolutions 
almost exactly replicate the ideal minimum line width to be displayed on paper-based maps. The 
earlier iPad models and the Samsung Galaxy tablets have the same screen resolutions as a 
computer monitor, but when viewed at a distance of 30 cm the lines become pixelated and are not 
rendered crisply. 
Symbol designs will be affected by the resolution of the screens on which they are being 
presented. As discussed earlier, symbols should be designed at the size they are being seen at, built 
up pixel by pixel. For point of interest symbols, the minimum symbol size used by Google Maps is 
12 pixels by 12 pixels (Hofmann 2011). 
Another variant for consideration when developing maps for mobile devices is the CSS pixel, 
which is different from a device pixel. CSS pixels are relative to the device pixel, so even though 
two devices may have different screen resolutions they can have the same CSS pixel dimensions. 
For example the iPhone 3 has a resolution of 480 x 320 pixels and the iPhone 4 has a resolution of 
960 x 640 pixels, yet they share the same display area of 480 x 320 pixels (Casario, M. et al. 2012, p. 
209). When creating elements for a web page this is important, as objects will be placed and scaled 
relative to the screen width and height. In the iPhone example cited, the iPhone 4 has four times 
as many pixels per CSS pixel as the iPhone 3 (2 x 2 pixels). Defining elements in CSS pixels by 
their relative widths and heights is part of ‘responsive design’, which allows designers to create a 
standard design that is flexible and varies from device to device. The CSS coding for web and 
mobile is beyond the scope of this research. 
4.5 Base minima 
Reviewing foundation literature, research papers and best-practice articles from software 
and hardware manufacturers, conclusions could be drawn about what are the minimum 
specifications that could be used for print and web map designs. From these minima we can 
then propose a design operator that could be applied to all map design elements. These will 
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be documented and tested in the next phase of the research, but for now provide a starting 
point for evaluation. 
4.5.1 Font size minima for print 
Robinson (1952) in his The Look of Maps refers to studies by Luckiesh and Moss (1939) about 
legibility of type size in print, where, not surprisingly, as font size increases so does legibility, 
though there seems to be a point size, around 7 or 8 points, where text less than this size is more 
difficult to read, and above is much easier. Figure 4.3 reproduces the graph from the Luckiesh and 
Moss (1939) paper. 
 
Figure 4.3: Percentage maximum visibility according to point size  
(adapted from Luckiesh and Moss 1939, p. 94). 
From a legibility perspective, Luckiesh and Moss (op cit.) concluded that the threshold of 
normal vision for reading type was between four and five point in size. Cartographers often have 
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to balance providing enough detail on a map with making the map still legible. Providing a 
hierarchy of place names makes for understanding of relative importance or population size, and 
as font sizes increase, so too does the legibility. Point sizes of four and five, using Luckiesh and 
Moss’s chart are too difficult to read. Six or seven point text would appear to be a bare minimum 
point size for print maps that provide an acceptable level of legibility. 
4.5.2 Line weight minima for print 
As indicated earlier, Jenny et al.’s (2008) research indicated that cartography textbooks 
recommended a minimum line weight of 0.1 millimetres (0.004 inches or 0.37 points), which 
originated around the viewing distance of print maps from the user. Certainly as printing 
techniques have improved, the ability to display finer line weights has also improved. Robinson et 
al. (1978) suggest that in spite of minimum line weights contrast is important, so thin pale 
coloured lines may not work as well as thin darkly coloured lines. In the context of this research it 
is important to define a minimum line weight, though it is also important to know what context 
the line is being used and the colours being applied. 
4.5.3 Symbol size minima for print 
Map symbols can take many forms — a small circle or square for a populated place, a stylised 
icon representing a geographic feature, or a point of interest feature designed to stand out from 
the base map. When defining minima for a small abstract symbol such as a circle or square we 
need to determine at which point the symbol loses its legibility and the circle becomes 
indistinguishable from a square. Jenny et al. (2008) suggest that on paper a minimum size is 0.8 
mm (0.032 inches or 3 points) for a point symbol, be it either a square, circle, triangle or the like, 
and still retain its legibility.  
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4.5.4 Font size minima for screen 
In their study Map Design for the Internet, Jenny et al. (2008) recognise the impacts of poor 
screen resolution and choice of fonts on legibility. Sans serif fonts are preferred as they can be 
read more easily at smaller sizes. If conditions are right, minimum font sizes should be 10 or 11 
points for sans serif fonts, though 12 point was recommended. For serif fonts minimum point sizes 
should be in the range of 10 to 16. 
Fonts for screen display are becoming more prevalent with designers creating fonts that are 
more legible for screen display, taking into account the pixelated nature of screens. Zhang (2008) 
goes into greater detail about the ideal characteristics of a font, which have been outlined in 
section 3.5.4. 
4.5.5 Line weight minima for screen 
As discussed earlier, screen resolution determines the minimum line weight that can be 
displayed on screen. As fractions of pixels cannot be rendered, one pixel is the minimum line 
width able to be rendered. That said, the physical width of this line can vary slightly (see Table 4.2) 
depending upon the device, though it will be similar to that of a print map, about 0.1 mm. 
4.5.6 Symbol size minima for screen 
Jenny et al. (2008) recommended that symbol sizes for screen need to be considerably larger 
than that of print symbols. Whilst we can distinguish print symbols at a size of 0.8 mm for 
legibility it is recommended that these be at least six pixels in size. 
Replicating Jenny et al.’s experiment on symbol legibility using the new tablet screen 
resolutions from Table 4.2 (see Figure 4.4), we can see that symbol legibility has improved 
significantly with the higher resolution devices. A minimum symbol size for a high resolution 
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device, such as an iPad mini 2 and 3 (326 ppi) or Samsung Galaxy Tab S 10.5 (288 ppi) symbols are 
clearly legible at about 4 pixels in size. 
4.6 Possible ‘operators’ 
Much of the minima outlined here have been derived from the work of Jenny et al. (2008). 
They concluded that in general most map features when translating from print to screen 
should be scaled 200%. From this research we propose a set of possible design operators that 
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Figure 4.4: Variable screen resolution effects on symbols sizes, adapted from Jenny et al. 2008).  
Top left 326ppi (iPad mini 2 and 3), Top right 288 ppi (Samsung Galaxy Tab S 10.5), Middle left 264 ppi (iPad 
Air and iPad Air 2), Middle right 216 ppi (Samsung Galaxy Tab 4), Bottom left 189 ppi (Samsung Galaxy Tab 
Active), Bottom right 163 ppi (iPad mini).
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can be applied to font size, line weight and symbol size when converting from a print design 
to a web design, keeping in mind that device resolutions are variable and will no doubt 
change from user to user. 
Table 4.3: Possible design operators derived from recent research. 
4.7 Chapter Conclusion 
In this chapter recent research on using ‘operators’ to define a function in map design was 
reviewed. Roth et al.’s (2011) work has been advanced to apply an ‘operator’ to a design 
element, namely font size, line weight and symbol size. Research from Robinson (1952) and 
Jenny et al. (2008) provided the foundation material as to what minima were acceptable for 
both print and screen presentation of maps. Updating of Jenny et al.’s specifications to more 
modern devices showed that legibility issues have been improved in recent times. 
By creating a series of design operators for fonts, line weights and symbol sizes, this 
information can be used for map specifications — which is particularly important in atlas 
production. Once point specifications have been determined, the digital specifications can be 
automatically calculated from these design operators. 
The next chapter reports on the following phase of the research, building an integrated 
specification document that applies these design operators to print specifications that can 
automatically calculate the corresponding digital specification. Similar to the ScaleMaster 
prototype, this specification document will attempt to show ‘what’s possible’, rather than a 
complete online system.  
Design element print Minimum print size Minimum screen size Possible ‘design 
operator’
Font 6 pt 10 pt 1.7
Line 0.1 mm 1 px 10
Symbol 0.8 mm 4 px 5
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5 A multi-published specification tool 
5.1 Introduction 
In the previous chapter minimum specifications required to calculate ‘design operators’, used 
for transforming print design specifications to digital design specifications were covered. These 
design operators were calculated from existing research as well as some updated research. The 
developed design operators are speculative and will be tested in a user survey, documented later in 
this thesis. The design operators are incorporated into an interactive specification document, 
compiled in a spreadsheet application, to show a ‘proof of concept’ as to how a more 
comprehensive standalone application could be developed. 
Having a comprehensive specification document is crucial in series mapping or atlas 
production. In a multi-published workflow, comprehensive specifications are critical, as a map’s 
design across multiple platforms is replicated. 
Simley (2001), from the U.S Geological Survey, in his paper Improving the Quality of Mass 
Produced Maps, paraphrased Gitlow et al. (1989, p. 4) on the definition of quality. He said that it 
comprised three parts: “(1) design; (2) conformance to specifications; and (3) marketplace 
performance.” He noted that adherence to specifications improves the quality of the product, 
though it was difficult to attain 100% adherence, but the closer to 100% compliance the higher the 
quality.  
In this ‘proof of concept’ specification document, features such as colours are automatically 
converted from CMYK to RGB to hexadecimal colour spaces. Using the possible design operators 
whose calculations were covered in the previous chapter, design specifications for the print atlas 
were converted to a digital equivalent automatically for use in digital mapping applications such 
as TileMill. 
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Specifications are essential, not just for achieving high quality products, but also for allowing 
replication of products over time. Specification documents should also be flexible, allowing for 
updates and change as new technology or new ideas impact on design and production. For these 
reasons a flexible interactive ‘proof of concept’ document was created. 
5.2 Recent research 
In recent years there has been much research presented by the team working on the Atlas of 
Switzerland (Sieber and Huber 2007), namely around converting a print product to a multimedia 
version. Whilst there are many papers written on the subject of the Atlas of Switzerland, it has been 
difficult to find research in the area of specifications, particularly in the area of converting print to 
digital specifications.  
Oksanen et al. (2011) from Finland have been investigating a multi-published framework for 
the delivery of user-specific topographic maps called MenoMaps. In their paper they indicate that 
they produced digital maps first, with colours defined in the sRGB colour space, then converted 
these to CMYK. Their maps contained a static background map, with dynamic thematic contents 
overlaid. Dynamic content was developed for specific use cases, such as hiking, snow sports, and 
so on. They concluded that the “process of designing modern maps for outdoor activities no longer 
involves designing one map at a specific scale for one channel, but, rather, designing a series of 
intuitive maps for different use situations, at a number of scale levels and for a number of 
publishing channels (p. 121).”  
Importantly, Oksanen et al. (2011, p. 121) found that “symbol, colour and typographic design 
have to be tailored for all channels, scale-levels and use-contexts separately.” They also indicated 
that further research was required on the “systematic characterisation of the publishing channels 
and their implications for map design in order to begin development work on the portrayal layer 
automating the map production workflow for the multi-publishing map service (p. 122).” This 
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reflects the importance of specifications and the need to document the variables in a multi-scale, 
multi-classed and multi-published environment.  
5.3 Method 
A conceptual student atlas map design was created for print using Adobe Illustrator and 
MAPublisher applications (see Appendix 8), whilst a conceptual digital multi-scale map was 
created in TileMill. Data was drawn from a number of open sources, namely Natural Earth 
(http://www.naturalearthdata.com/) (Kelso and Patterson 2009), Geoscience Australia 
topographic datasets at 1:10,000,000, 1:5,000,000, 1:2,500,000, 1:1,000,000 and 1:250,000, 
and Department of Environment, Australia, Collaborative Australian Protected Areas 
Database (CAPAD) 2010. A template was created (Figure 5.1) in Adobe Illustrator that, when 
data was imported, automatically styled the map to the print specifications established. The 
template consisted of predefined character styles, graphic styles, symbology and colour 
swatches (Figure 5.2) which were then documented in the specification spreadsheet. The 
template can be downloaded from http://adobe.ly/1UuwvBO for use in a collaborative team. 
Figure 5.1: Adobe Illustrator CC 2014 template, showing layer structure, before importing data. 
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Once data was imported and visually checked, automated labelling of annotation was done 
using the in-built Avenza LabelPro utility. The LabelPro utility enabled the user to determine 
labelling rules, label hierarchies, label styles and label layers. These label schemas were then 
saved for re-use on later atlas pages and are stored within the Adobe Illustrator template 
(Figure 5.3). 
With the map data styled and the auto-labelling complete, the labels were further 
manipulated by hand to create a more pleasing result. Labels were positioned in the most 
optimal position, away from features and with enough space around them to avoid visual 
clutter, which cannot always be achieved through an auto-labelling process. With the main 
map styled and labelled, all that remained was to custom produce a shaded relief backdrop 
for the map, which was a hill-shaded image produced from the CleanTopo2 raster dataset, and 
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Figure 5.2: Pre-defined Adobe Illustrator CC 2014 graphic styles, symbols, colour swatches and character 
styles for the conceptual student atlas design.
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a landcover image produced from the Natural Earth 1 raster dataset. Both images were re-
projected to the custom projection of the main map, whose projection details were stored in 
the electronic multi-published specification document (see below). The Avenza Geographic 
Imager Adobe Photoshop plug-in was used to re-project and scale both datasets. The final 
map can be seen in Appendix 8. 
In Chapter 4 the research supporting this was outlined and the reasons for the selection of 
design operators for a multi-published workflow. The results obtained were used in the 
production of an interactive ‘proof of concept’ application of a specification document. The 
specification document was created in Numbers, an Apple Mac-based spreadsheet 
application. 
The spreadsheet specification document contained a number of ‘worksheets’, or tabs, each 
indicating a particular subset of the specifications. The worksheets and a description are 
listed in Table 5.1. 
The design operators gathered in Chapter 4 (Table 4.3) have been used as multipliers to 
the various design elements on the digital version of the atlas map design described earlier 
and produced in Adobe Illustrator and MAPublisher (see Appendix 8). 
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Figure 5.3: Avenza LabelPro 2.0 interface showing layer names, labelling rules and styles.
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Table 5.1: Multi-published specification document description. 
A spreadsheet application was chosen for a number of reasons. Firstly, the ScaleMaster typology 
of operators (Roth et al. 2011) was created using a spreadsheet, and there was a complementarity 
between this multi-published specification document and ScaleMaster. Secondly, the ability to link 
different data from different pages, or worksheets, could be achieved simply using a spreadsheet 
application. Finally, spreadsheet software is a commonly used application in most office and home 
office situations, therefore the application could be shared amongst other potential users easily. 
The spreadsheet was stored in a cloud environment for potential sharing with other project 
collaborators via the following URL, http://bit.ly/1eYV9dH. 
Worksheet Description
Title Document title.
Instructions Detailed instructions on how to use the spreadsheet application (see Appendix 7).
Maps and page numbering Page by page breakdown of print atlas maps.
Monitor display resolution Cross referencing chart of monitor display resolutions for known devices.
Databases and datasets Detailed list of datasets used by source, scale, datum, metadata link, license link, and checkbox to indicate use.
TMS zoom scale reference
Zoom scale reference sheet showing scale of map at a particular zoom 
level, and a computed scale based on screen resolution, number of tiles, 
tile dimensions, metres/pixel resolution, an assumed metric scale for 
selection of data, and a description of coverage.
ScaleMaster Cross referenced table displaying which datasets are used at which scales.
Font size conversion A small table converting font size from print to digital, using the design operator and monitor resolution.
Map fonts Table of fonts used for print and digital maps.
Multi-published specifications
Integrated spreadsheet that extracts data from other worksheets on 
datasets used, metadata, file names of layers, print specification of 
feature, digital specification of feature, label style, font size for print, font 
size for digital, CMYK colour value, calculated RGB colour value, 
calculated HEX colour value, where feature is displayed (print, web, 
mobile or all), and notes.
Print page parameters
A series of worksheets detailing the print map parameters for each plate, 
e.g. Title, map projection and projection parameters, page numbers 
displayed on, map scale, height and width of map in millimetres, and 
extents of map in decimal degrees.
Line weight conversion A ready reckoner of line weight conversions from millimetres to pixels, inches, points and picas.
Colour conversion formulae Conversion tables from CMYK to RGB to HEX.
TMS parameters Calculation tables for TMS parameters.
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5.4 Building a specification document 
The ‘proof of concept’ multi-published specification document created for the conceptual 
atlas project consisted of many worksheets, as outlined in Table 5.1. A more detailed 
description of each worksheet and the design operators that were applied in each worksheet 
are described in the following sub-section. The specification document was preceded with a 
title and an instructions worksheet (Appendix 7). 
5.4.1 Maps and page numbering 
Consistency in describing file names is important in a collaborative work environment 
where there could be a number of people working on a project. It is equally as important to 
have consistent naming conventions when handing over artwork to a third party client, so 
that their understanding of what the file contains and where it will sit within a document is 
obvious. 
In the specification document a notional list of maps to be produced in a hard copy atlas 
was detailed in the Maps and page numbering worksheet (Figure 5.4). For each map, the odd 
and even page number, or numbers, on which the map fell were listed. A notional map 
number was developed using these page numbers, as in a publishing context, each piece of 
artwork on a page contained a page number suffix. From this list, an automated file name was 
created by concatenating the map number, map name and .ai prefix to refine an Adobe 
Illustrator file naming convention that all map artwork conformed to. Two additional fields 
described the map scale and a short description of each map, so that those working on the 
maps had an understanding of the requirements of each map. 
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Figure 5.4: Maps and page numbering worksheet. 
5.4.2 Monitor display resolution 
As discussed earlier, monitor display resolutions vary dramatically from device to device. 
When calculating the size of a design feature, knowing the resolution of the screen that it 
will be displayed upon can be of great assistance. The exact calculation of the appropriate 
size in pixels can be done. At the time of developing the specification document there were 
around 150 different devices, as listed on Wikipedia (note that this page has since been 
removed). The purpose of this worksheet (Figure 5.5) was to enable the user to select a 
particular device resolution for which the map would be displayed upon and use that pixel 
resolution, along with a ‘design operator’, to calculate the symbol size, line weight and font 
size for the selected display. 
Resolution of pixels per inch varied from 44 ppi to 323 ppi on the devices listed. To break 
the list down to manageable values, the range of resolutions were classified and an average 
value applied to these. For example, there were three monitors over 300 ppi in resolution: 
300, 310 and 323 ppi respectively. These were grouped and averaged to 315 ppi. Each class 
was grouped in increments of 30 pixels. 
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!
Figure 5.5: Monitor display resolutions worksheet, showing the various monitor displays from which to 
select. 
5.4.3 Databases and datasets 
As outlined in the Introduction to this Chapter, open data sources were selected for the 
conceptual atlas production, one global (Natural Earth www.naturalearthdata.com), and the 
remainder Australian (Geoscience Australia http://www.ga.gov.au/search/index.html#/ and the 
Department of the Environment http://www.environment.gov.au/fed/catalog/search/browse/
browse.page). In the Databases and datasets worksheet (Figure 5.6), these datasets were 
described, dated, versioned and given a descriptive title, which appears as an Adobe 
Illustrator layer name, or a TileMill layer name. Additional information displayed for 
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Figure 5.6: Dataset selection worksheet. The user could select a dataset to use, which linked to other 
fields in the Multi-published specifications worksheet.
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reference include a link to metadata and any licensing information. A check box was provided 
to define if a particular dataset was required. This linked back to the master Multi-published 
specifications worksheet. When a layer was selected through a checkbox its populated other 
fields in the specification document. 
5.4.4 TMS zoom scales reference 
As display resolution changes, so too does the scale of the map presented on screen, 
noting of course that in the Mercator projections used in TMS’s scale also varies across the 
map (Peterson 2010). This scale reference worksheet (Figure 5.7) contains a table of 
information about each zoom level — from 0 to 20 — in a multi-scale map, sourced from the 
main web mapping providers Esri (Buckley n.d.), Microsoft (Bing) (Microsoft n.d.) and 
OpenStreetMap (OpenStreetMap n.d.). One static column contained scales calculated at a 
screen resolution of 96 ppi. A secondary column calculated the tile scale for each zoom level 
based on the selected monitor resolution from the Monitor display resolution worksheet. 
Another auto-calculated column selected the most appropriate scale dataset for the auto-
calculated scale of the zoom level. Auto calculated values are displayed in red as a visual cue. 
!
Figure 5.7: TMS zoom scales reference, highlighting auto-calculated data. 
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5.4.5 ScaleMaster 
The ScaleMaster worksheet (Figure 5.8) is a variant on that described by Roth et al. (2011) 
as in this conceptual atlas project it was decided not to generalise layers from derived data, 
rather, choose the most appropriate dataset for the display scale. In that way the 
generalisation had already been done to the data and no additional data generalisation was 
required. 
Brewer et al. (2007) used the ScaleMaster typology of operators to build multi-scale maps 
from multiple database resolutions for the USGS. Their research looked primarily at 
producing topographic and thematic maps for print and at different resolutions. This 
research has progressed and altered the concept further, but rather than apply operators for 
generalisation, ScaleMaster has been used to document the multi-scale datasets used and at 
which TMS level or scale. 
For the purpose of the conceptual atlas research project it was decided not to create a map 
below zoom level 11, purely for expediency, and to demonstrate that the multi-published 
approach to print and digital map production could be achieved. 
The ScaleMaster worksheet was devised as a planning and organisational tool for building 
the multi-scale web map product. The scales highlighted at the top of each column relate to 
the calculated scale based on the screen resolution of the display device, drawn from the 
previous TMS zoom scales reference worksheet. 
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!  
Figure 5.8: A ScaleMaster variant worksheet, used for multi-scale web map production planning. 
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5.4.6 Font size conversion 
This small worksheet (Figure 5.9) provided some simple calculations to convert a font size 
from print to digital using the developed design operator, then calculating the optimum font 
size (in pixels) for a web map at the selected screen resolution from the Monitor display 
resolution worksheet. Calculations developed here have been used in the main Multi-
published specifications worksheet. 
Font size was firstly converted from points to inches (72 points = 1 inch) by dividing the 
point size by 72. Two constants were added — the developed ‘design operator’ (1.7) and the 
selected screen resolution of the device that the map would be displayed on. A base font size 
was calculated by multiplying the font size by the design operator and a preferred font size 
for the selected screen resolution was calculated by converting the print size to pixels and 
multiplying by the selected screen resolution. 
Figure 5.9: Font size conversion. 
5.4.7 Multi-published specifications 
At the heart of the specification document was the Multi-published specifications 
worksheet. This contained all of the content describing each design element of the print and 
digital map product. Every dataset that was selected in the Databases and datasets worksheet 
was displayed with:  
• derived layer names;  
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• a description of the graphical construct of the element for print, e.g. Dashed line 1.41 
mm dash, 0.53 mm gap, Miter limit 4;  
• a line weight in print specified in millimetres;  
• a calculated line weight in pixels using the developed design operator;  
• particular symbol, colour swatch and graphic styles names for use in construction of 
the print map in Adobe Illustrator and for use in TileMill;  
• symbol size in print;  
• calculated symbol size in pixels;  
• label layer name;  
• feature label font;  
• print font size in points;  
• calculated font size for a digital map in pixels;  
• character style used in print;  
• CMYK colour of the feature;  
• calculated RGB colour values of the feature;  
• calculated hexadecimal colour values of the feature;  
• which medium the feature is displayed in (print, print and web or print, web and 
mobile); and  
• notes on how the feature should be displayed. 
This detailed table has links to fields in other worksheets to calculate the values displayed 
in each cell (Figure 5.10). 
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!  
Figure 5.10.1: Multi-published specifications worksheet. 
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!  
Figure 5.10.2: Multi-published specifications worksheet. 
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5.4.8 Print page parameters 
For each map plate in the conceptual printed atlas a print map parameters template was 
created to store the basic information that the cartographer required to set up the map on 
the page. Depending on the area covered and the scale of the map, some maps may sit across 
two pages, therefore it was important to note which two pages the map sat upon in the 
conceptual atlas. This was stored in the Maps and page numbering worksheet, and along with 
the title, scale was calculated in the Print page parameters worksheet (Figure 5.11). 
Custom map projection parameters for the conceptual print atlas were stored in the 
specification document as separate worksheets. The print map extents were calculated in 
decimal degrees, so that clipping of data could be achieved prior to importing the data for 
each map (if necessary), and also for cropping shaded relief to the bounds of the map area. 
Additional information, such as the map’s page number(s) and map file name were 
automatically calculated from other fields in the specification document. 
!  
Figure 5.11: Individual print map parameters specified. 
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5.4.10 Line weight conversion 
The Line weight conversion worksheet (Figure 5.12) provided a ready reference for the most 
common line weight thicknesses and their conversion from print to digital. Using the line 
weight for print and the resolution of the selected display from the Monitor display resolution 
worksheet, line weights were converted from millimetres to different units (inches, points 
and picas), then converted to pixels. When the Monitor display resolution worksheet was 
updated all values in the table updated automatically. 
!  
Figure 5.12: Line weight conversion table. 
5.4.11 Colour conversion formulae 
The Colour conversion formulae worksheet (Figure 5.13) contained a quick reference to 
convert colours from CMYK to RGB to Hexadecimal colour spaces. It was difficult to create 
one standard formula to convert from CMYK to RGB and RGB to Hexadecimal, therefore the 
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formulae were broken down into simpler steps to calculate a final output. Colour conversion 
formulae were derived from the easyrgb.com website (easyrgb n.d.). 
!
Figure 5.13: Colour conversion formulae worksheet. 
Formulae used in this worksheet were incorporated into the Multi-published specifications 
worksheet to automatically convert colours from print to digital colour space. 
5.4.12 TMS parameters 
The TMS parameters worksheet (Figure 5.14) contained the base projection parameters for 
the EPSG 900913 Google Mercator Projection, as well as creating calculated data for various 
web map features. When creating a web map for a smaller geographic area, rather than a 
global view, it was desired to limit the view to the edge of a tile at the minimum zoom level. 
As an example, if an area of the Australian continent, say from 10˚ south to 43˚ south and 
110˚ east to 156˚ east was selected, the extents do not match exactly with the edge of a tile in 
a web map. The TMS parameters contained a formula for calculating the northwest and 
southwest tile extents in decimal degrees for the uppermost zoom level of the TMS. 
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!
Figure 5.14: TMS parameters calculation worksheet. 
5.5 Chapter Conclusion 
In this chapter a ‘proof of concept’ multi-published specification document has been 
demonstrated. It was built using the Numbers spreadsheet application. This specification 
document used the design operators previously outlined in Chapter 4 to convert print map 
specifications to digital map specifications. The addition of monitor resolutions to the 
specification document further assisted in calculating the optimal size of design elements (in 
pixels) according to the monitor resolution specified. 
Having a comprehensive specification document such as this, that automatically calculates 
digital design specifications from print design specifications, allows us to retain the high quality 
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of the print atlas design in the digital atlas version. The more tightly the specifications are 
conformed to, the greater the quality of the output. 
In the production of a modern student atlas, having a comprehensive design specification 
enables a team of cartographers to produce a consistent series of maps, saving time in the editing 
and revision process. 
The next chapter reports on a survey that was conducted into the assumed design operators 
calculated earlier. The desired outcome of the investigation was to determine whether these 
assumed design operators were, in fact, correct by surveying a group of professional cartographers 
and geography teachers from Australia. 
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6 Evaluation of ‘design operators’ for multi-published 
map delivery 
6.1 Introduction 
In Chapter 5 the ‘proof of concept’ multi-published atlas specification document was outlined. 
To convert print design elements to digital design elements existing literature was sourced on the 
subject and consequently formed the foundation for developing a series of ‘design operators’ that 
were assumed to be sufficient to convert font sizes, line weights and symbol sizes. This chapter 
covers the testing of those assumptions, which was undertaken to determine if they were, in fact, 
correct. If they proved to not be correct, revision was deemed to be necessary and a revised digital 
atlas design would have to be produced. 
As already noted, the major objective of this research was to develop a conceptual workflow for 
multi-published student atlas production. As part of this broad research topic major questions 
emerged, such as: What is the most effective point size for text on digital maps? What scale factor 
should symbols and line styles be multiplied by when moving from print to digital design? and What 
factor does screen resolution of devices have when creating digital atlases?  
It is hoped that the outcomes from this research will provide significant information, in an 
Australian context, as there has been limited research done in multi-published map production in 
Australia.  
The research builds on the ScaleMaster (Roth et al. 2011) model by investigating design 
operators that are dependent upon the user’s screen display resolution. With the plethora of 
devices available to consumers, and the rise of BYOD (Bring Your Own Device) in education (DEC 
2014) and the workplace, it is important for cartographers to understand which ‘multipliers’ are 
relevant when creating maps that are designed to be read using many media and on multiple 
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devices. Understanding this element is critical for developing a conceptual workflow of multi-
published atlas design and production. 
6.2 Research Goal 
The specific topic of enquiry for this research was to determine how close, or similar, a digital 
map design can be to a print map design, accounting for the variability in users’ display types — be 
they PCs or laptops, tablets, smart phones or other devices. By applying variable design operators 
to map fonts, symbols and line weights and viewing these on different devices, some conclusions 
might be determined about which ‘operator’ works best, and for which feature at a particular 
screen resolution. 
6.3 Research Method 
The survey to determine the suitability of the conceptual design operators relied on expert 
qualitative feedback from a diverse group of spatial industry professionals. The method used was 
to first present papers (at two industry conferences — the International Map Industry Association 
(IMIA), Asia Pacific Conference held in Melbourne, Australia in August 2014, and the GSR_3 
Conference, held at RMIT University, Melbourne, Australia in December 2014). After the paper 
presentation, attendees at each conference were encouraged to participate in the on-line survey. 
Additionally, attendees at the Geography Teachers Association of Victoria (GTAV) Melbourne, 
Australia Conference in August 2014, were invited to participate in the on-line survey via personal 
contact and a handout describing the survey. Finally social media (Twitter) was used, to encourage 
professionally like-minded followers to retweet the link to the survey and participate in the survey 
themselves. Interestingly, this last method of invitation received the most responses. 
In consultation with the Statistical group in the School of Mathematical and Geospatial 
Sciences at RMIT University, a survey was designed that would provide measurable outcomes from 
qualitative questions. The survey aimed at comparing five variables: 
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•  font size,  
• line weight,  
• symbol size,  
• the user's operating system, and  
• the resolution of the viewing screen.  
The survey results were measured using Regression Analysis (Montgomery 2013) to discover if 
a P-value variance was greater than 5% to determine if a design operator was significant to the 
survey respondents. Additionally, the survey results were further analysed using the Taguchi 
method (Tsui 1992). The Taguchi method compared just three variables—font size, line weight and 
symbol size. This was done as a check on the Regression Analysis results. 
Three design components were selected (font size, symbol size and line weight) and compared 
in a matrix of nine variables with the 'design operator' altered in one of three ways: presented at 
1x multiplication factor, a 2x multiplication factor or a 3x multiplication factor. The resulting 
matrix of design components and design operators is shown in Table 6.1. 
Table 6.1: Matrix of design operators. 
The original font conversion factor from print to digital was assumed to be 1.7, as a minimum 6 
point font for print was translated to a minimum 10 pixel font for digital. The minimum line 
weight conversion factor was 0.25 line weight for print, to a minimum 1 pixel line weight for 
FONT SYMBOL LINE
A 1 1 1
B 1 2 2
C 1 3 3
D 2 1 2
E 2 2 3
F 2 3 1
G 3 1 3
H 3 2 1
I 3 3 2
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digital, a 4 times conversion. Symbol size was more problematic. A 0.8 millimetre sized symbol, 
was translated 5 times to a size of 4 pixels. 
The minimum font size for print (6 point) was taken from Robinson’s The Look of Maps (1952), 
whilst the minimum font size for digital (10 point) was taken from Jenny et al.’s paper on Map 
Design for the Internet (2008).  
During an initial planning meeting with Statistics group from the School of Mathematics and 
Geospatial Sciences at RMIT University, it was determined that a sample size of around 50 people 
would be adequate for compiling meaningful statistical results from the survey. 
As described earlier, numerous groups of participants were approached over the period of four 
months. Thirty valid responses to the survey were received during that period. This was deemed to 
be adequate for determining a reasonable result based upon Nielsen and Landauer’s usability 
testing research (1997), which suggested that from 5 participants 80% of the findings can be 
discovered. Beyond 15 participants the findings will not vary. 
6.4 Similar Research 
The research design is similar to that undertaken by Phillips et al. (1990). Their research 
surveyed two separate groups of map readers, one highly skilled (drawn from a cartographic 
conference) and another unskilled student’s group. Phillips’ survey looked at variance in 
cartographic symbol design (specifically cuttings and embankments on topographic maps) and 
offered alternatives. Respondents were given a limited time to answer each question. 
6.5 Survey Design 
The electronic survey was hosted on the Typeform (http://typeform.com) survey platform. One of 
the benefits of this system was the availability of advanced analytics, which could be employed to 
determine number of unique visitors, operating systems used by visitors and also the type of 
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device used to view the application, which proved invaluable in reviewing the results of the 
survey. 
The survey asked participants to download and print on their everyday home or work printer a 
colour version of a sample atlas map, in this instance a map of the state of Queensland, Australia, 
(see Appendix 8) that could be used in a printed student atlas. This map was specifically produced 
for this purpose and was typical of atlas products produced for Australian school atlases. This 
printed sample was used as a reference to determine how effectively the digital design matched 
the print design. 
Participants were first asked to determine the screen resolution of the display with which they 
were viewing the survey using dpi love website (http://dpi.lv/), which displayed the resolution of 
the user’s monitor in pixels per inch (ppi). As a secondary step in the calculation of the resolution, 
participants were asked to measure using a ruler the size of a square in millimetres.  This second 
step was used to confirm if they had included the correct figure in the first question. 
The second part of the survey required the respondents to view 9 images of the same digital 
map (of Queensland), each image containing a slight variation in either the font size, symbol size 
or line weight (Figure 6.1). Various images had a design operator applied to each of these features 
and respondents were asked to assess, qualitatively, how well each image matched the printed 
version of the map. Respondents were asked to assess the quality based on a Likert-scale of 1 to 
10, with one being least effective and 10 being most effective. 
Respondents results would vary based on the screen resolution of the device they were viewing 
the survey on. For analysis, screen resolutions were segmented into four categories shown in Table 
6.2. 
!98
The modern student atlas: A multi-published approach Craig Molyneux
 
Table 6.2: Screen resolution categories developed for analysis. 
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Figure 6.1: The nine versions of the digital map of Queensland with the various design operators applied.
Category Resolution
A <= 100 ppi
B 101 to 200 ppi
C 201 to 300 ppi
D >= 301 ppi
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Data was recorded using direct electronic entry via the survey website. During data collection, 
data was stored on the Typeform website servers. At the completion of the survey period, data was 
downloaded from the Typeform servers in Microsoft Excel spreadsheet for analysis. 
6.6 Survey Participants 
Prior to commencement of the survey, and as specified in the research guidelines from RMIT 
University College Human Ethics Advisory Network (CHEAN), an Ethics Approval was required. 
This was sought and approval granted (Appendix 9). 
The inclusion criteria for selecting the participants was to elicit information from a sample 
group of attendees at three major map/atlas conferences to held in Melbourne, Australia during 
August to December 2014, plus the use of social media to further spread the request wider, and 
internationally. It was determined that participants from these four groups would provide a pool 
of educated professionals with sufficient skills to allow them to make judgements on atlas design 
needed to provide survey integrity. 
Participants were all over the age of 18, with no particular gender bias, they participated 
voluntarily and were not compensated or induced for their participation in the survey. 
6.7 Results 
The survey fell short of collecting the 50 respondents required, gathering only 30 valid 
responses. From this pool measurable results were still able to be gathered. As stated earlier, the 
Typeform survey tool provided some useful analytics about survey visitations and, even though the 
sample size was small, conclusions could be drawn about the results. 
In total there were 277 unique visits (Figure 6.2) — 148 from PCs and laptops, 13 from tablets, 
38 from smartphones and 78 other (these have not been specified by Typeform). 
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Figure 6.2: Devices versus unique visits. 
Of the 150 visits from PCs and Laptops only 25 (17%) went on to complete the survey, and took 
an average time of 31 and a half minutes. This average time to complete the survey was a surprise. 
However, the reason for this may be due to the fact that one participant took 42 minutes to 
complete, whilst another completed the survey over a period of one week, leading to a skewing of 
the average time figure. Most participants spent between 3 and 5 minutes to complete the survey, 
which was much less than the 10 minutes suggested in the survey's introduction. 
A mixture of operating systems were used to view the survey—50% Windows 7, 10% Windows 8, 
23% Mac OSX, 7% Apple iOS and 7% Android (Figure 6.3). 
Figure 6.3: Operating Systems used. 
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Reviewing the results from the professional judgements of the respondents produced some 
interesting results. The most preferred design operator applied to fonts was 1. That is to say, the 
digital map that had the base design operator applied to the font (1.75) was preferred regardless of 
the operating system or screen resolution viewed. This can be seen in Figure 6.4 where, using the 
Taguchi method of analysis the design operator with the highest mean value (4.816) from the 
Likert Scale was 1. 
Interestingly, symbol size and line weights were preferred with a 2x design operator applied, 
indicating that the earlier assumptions of multipliers were incorrect, though they were only 
marginally different to the original assumptions. 
These results were confirmed when analysing the data using Regression Analysis (Table 6.3). 
The P-value was greater than 5% for design operator 1 in font size, design operator 2 in symbol 
size and design operator 2 in line weight. 
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Figure 6.4: Main effects plot for means of the three design variables, font size, symbol size and line weight.
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The operating system used by respondents did not seem to have much effect on results, which 
was not all that surprising. However, the resolution of the screen display did have an effect, and 
the screen resolution category that was preferred was category D, that is a resolution greater than 
300 pixels. 
6.8 Chapter Conclusion 
All conclusions drawn from the survey need to be considered with the knowledge that the 
sample size was less than required. Some interim conclusions based on the results can be drawn. 
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Table 6.3: Regression Analysis results.
Term Coefficient SE Coefficient T-value P-value VIF
Constant 3.563 0.885 4.03 0.000
Font
  2 -0.400 0.303 -1.32 0.189 1.33
  3 -1.289 0.303 -4.25 0.000 1.33
Line
  2 0.044 0.303 0.15 0.884 1.33
  3 -0.900 0.303 -2.97 0.003 1.33
Symbol
  2 0.067 0.303 0.22 0.826 1.33
  3 -0.722 0.303 -2.38 0.018 1.33
OS
  iOS 1.363 0.865 1.58 0.116 3.03
  OSX 0.499 0.738 0.68 0.499 6.35
  Windows 7 0.770 0.703 1.10 0.274 8.04
  Windows 8 0.761 0.800 0.95 0.342 3.75
  Windows XP -0.111 0.960 -0.12 0.908 1.93
Resolution 
Category
  B 1.393 0.480 2.90 0.004 2.94
  C 1.064 0.580 1.83 0.068 2.53
  D 3.06 1.07 2.85 0.005 2.42
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The first assumptions, based on earlier research, appears to be sound. The series of design 
operators established for font size, symbols size and line weights were correct. To produce a ‘one 
size fits all’ web map, line weights and symbol sizes could be increased to allow for better 
understanding of the digital map. A distinguishable hierarchy of fonts, symbols and lines would 
greatly enhance the digital map, particularly for students. 
The design of the digital map appears not to be affected by the operating system used, whilst 
the modern high resolution screens (for either desktop or mobile) appear to best display digital 
maps. 
The concept of a ‘design once, publish many’ approach to map publishing can be achieved 
across multiple devices and different screen resolutions by carefully considering the design 
operator that can be applied to each design element. 
In the following chapter earlier assumptions regarding design operators are refined and the 
‘proof of concept’ multi-published specifications document have been modified to reflect these 
findings. A conceptual multi-published workflow has been proposed taking into account the 
developments and findings from this research and areas for further research are acknowledged. 
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7 A multi-publishing approach 
7.1 Introduction 
Chapter 1 introduced the research project, the methodology and the desired outcomes. In 
Chapter 2 an historical overview of student atlas design was conducted, reporting on discoveries 
about the connections between technology, cartographic research and student atlas design. 
Chapter 3 reviewed the best practice in cartographic design for print and web, developing a set of 
design criteria suitable for student atlas design. Chapter 4 developed a series of ‘design operators’ 
that could be applied to design features in print to convert to a digital medium, and Chapter 5 
developed a ‘proof of concept’ interactive specification document from a spreadsheet application 
to maintain coherent map specifications for print and digital atlas mapping. Chapter 6 tested the 
proposed design operators to see if they were in fact correct and could work across multiple 
resolution devices. 
In this final chapter the research will be drawn together to put forward a multi-published 
approach to creating a student atlas, with examples of refined specifications. 
At the beginning of this research (2010) commercial and open-source web mapping 
applications, such as the OpenGeo (http://boundlessgeo.com/solutions/opengeo-suite/) suite and 
Mapbox’s TileMill (https://www.mapbox.com/tilemill/), were just beginning to become available to 
the broader non-specialist cartographic market. Conventional publishing and GIS technology, 
such as Esri’s ArcGIS and Adobe Illustrator and Photoshop, had been in use for a number of years in 
map and atlas production. They were well entrenched in map publishing workflows and raster tile 
creation was the method of choice for publishing multi-scale web maps. Mid-way through this 
research (2012/13) many of the short-comings of raster tile delivery (data size and delivery speeds) 
were being addressed by a number of technology companies, notably Google and Apple and, more 
recently, Mapbox, using vector tiles technology (Gaffuri, 2012). While the technical delivery of 
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tiles changed greatly, the underlying design principles did not. With this knowledge, the research 
continued along the lines of producing raster tiles rather than vector tiles, for continuity of 
method. 
7.2 Conclusions from research 
Technology in the first part of the twenty-first century is beginning to dictate the mass 
consumption of mapping. Mobile technology which is web-linked and positioned by GPS, in 
particular, has driven new ways of presenting and delivering maps. With these new 
mapping delivery systems (tile-based multi-scale web maps being one) comes new design 
challenges and the need for research. As discussed in Chapter 2, new technology begets new 
research, which begets new design principles. 
Based on earlier research, conclusions can be drawn regarding good atlas production 
methods and atlas design criteria for print and digital mapping for student consumption. 
Wiegand (2006 p.110) contends that developing a typographic map language for young 
readers aids in map understanding and improves legibility. For example, the use of sans 
serif fonts for maps has been preferred by a number of researchers, including Robinson 
(1956) and Jenny et al. (2008) for print and digital maps. It is therefore essential, when 
developing multi-published map specifications, that a clear sans serif typeface is used with 
a distinctive hierarchy, which develops a typographic map language. 
Hofmann (2011) recommended that symbol designs should be familiar and meaningful to 
map users — for example a Cross may symbolise a church to a Christian audience, whilst a 
Crescent may symbolise a mosque to a Muslim audience.  
An appropriate colour palette design, particularly for younger map readers, is critical to 
the success of the map. Wiegand suggests that colour palettes should be simple and colours 
should be capable of being named by young map readers (2006, p.54). Avoiding colours like 
Royal Blue and instead using a plain Blue aids in the description of the feature: “The river 
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is blue”. Additionally, when determining colours that will be used in print and web 
delivered maps selecting the shade of the colour that falls within the colour spectrum that 
is available in both RGB and CMYK colour spaces ensures consistent representation across 
both media. 
Collation, preparation, organisation, documentation and enhancement of spatial and 
non-spatial data to be used in the map production process is critical to the success of a 
multi-published atlas product. Early on in the planning process, data sources should be 
defined and collected in preparation for use. Through experience, oftentimes spatial data 
may come in various file formats, created at different scales and not be entirely fit for 
purpose in an atlas publishing environment. Data may have been created for one particular 
purpose, such as spatial analysis, rather than for use in hard copy or digital map 
production. 
As discussed earlier in this thesis, spatial data may require additional preparation for use 
in a multi-scale map product, with the addition of extra feature classes indicating scale use 
or zoom level display. Storing data in an appropriate database and documenting its 
metadata is necessary, in a publishing sense, to acknowledge data sources and copyright 
ownership. From a data management viewpoint, documenting data sources is also 
necessary to understand the provenance of the data, its reliability, currency and fit for 
purpose, particularly maintaining an atlas product through multiple editions over time. 
As with all large projects, documentation of processes, standards and specifications is 
crucial for successful delivery. A multi-published student atlas project is no different, with 
the use of electronic documentation in the form of wiki’s or cloud-based documentation 
systems enabling production teams to collaborate more effectively. Cloud-based file 
sharing tools enable the dissemination of templates, sharing of files with clients and back-
up of project-critical files. 
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The development of a series of design operators as part of this research has identified a 
pathway that should take a map design from a print product and convert its design 
elements to a digital map product. These developed design operators provide a multiplier 
to map design features, such as fonts, lines and symbols, to ensure a consistent design look 
and feel between a print map and a multi-scale digital map. The development of the design 
operators was taken from existing research of both print and digital cartographic design 
from Robinson (1952) and Jenny (2008) who developed minimum acceptable standards for 
map elements on both media. 
Map specifications are a required part of any large atlas project. Specifications define 
exactly how features will be represented on a page or on screen ensures design consistency, 
and importantly, when working in a team environment, conformity of production methods.  
Creating templates or schemas for print and digital maps is an additional way of 
ensuring specifications are maintained. During the research an Adobe Illustrator template 
was created for the print atlas map components to ensure consistency among map designs, 
and also to assist in streamlining production timelines. The Adobe Illustrator template 
automatically detected datasets as they were imported and applied the appropriate style to 
the data features, such as line styles and colours, symbology and patterns. The Adobe 
Illustrator template developed and associated files can be shared through Adobe’s Creative 
Cloud technology. The link to access all project templates and files is: http://adobe.ly/
1UuwvBO  
This research developed a cloud-based multi-published specification document that 
integrated the design operators developed earlier to ensure a seamless set of specifications. 
The document was designed to allow many production team members to access it in a 
collaborative production environment. The specification document would automatically 
calculate digital design specifications based on print design specifications. The 
specification document was created using a spreadsheet application that could be shared 
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either privately or publicly with team members. The final multi-published spreadsheet can 
be viewed from the following link: http://bit.ly/1eYV9dH  
To confirm the assumptions made during the research into design operators, it was 
necessary to test these design operators with a professional focus group who could provide 
a proper value judgement. An online survey was created and used to test a voluntary and 
random group of map industry professionals. Results were subsequently collected and 
assessed. 
These results indicated that the initial design operator assumptions were more or less 
correct, with the multipliers determined to be acceptable for font size, whilst line weight 
and symbol size multipliers could be increased slightly. 
In summary, the investigation into the historical content of student atlas publishing 
discovered that technology and research contributed greatly to the cartographic design of 
student atlases. The best practices of cartographic design for both print and digital 
cartography were researched and minimum design specifications, in the form or fonts sizes, 
line weights and symbol sizes, were established for both media. From these minimum 
specifications a series of design operators were developed, which could be applied to 
features from a print design to be translated to a digital design. A cloud-based multi-
published design specification document was created for use when applying the design 
operators to map specifications. The conceptual design operators were tested on industry 
professionals to determine if the assumptions were correct. The results of the tests showed 
that the design operators were correct. Finally a recommended workflow was determined 
from the results of the research (see section 7.4). 
7.3 Refinements 
Based upon the results of the user survey there could be some minor adjustments made to the 
design operators developed during this research. The original assumption of a multiplier for font 
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size from print to digital was 1.7, based on earlier research by Robinson (1952) and Jenny (2008). 
Based on the results of the user survey this assumption proved to be the most acceptable, so this 
design operator does not require any further adjustment. The symbol size design operator was 5, 
which was calculated by converting a printed round circle of 0.8 mm to a raster circle of 4 px in 
diameter. The survey results suggested that either a 5 or 10 x multiplier was acceptable, so 
selecting a design operator of 7.5 would be appropriate, which would make a 0.8 mm circle equate 
to a 6 px diameter circle. Similarly, the assumed line weight design operator was 10, derived from 
converting a 0.1 mm line for print to 1 px line for digital. The survey results indicated that either a 
10 or 20 x multiplier was acceptable. Given that pixel widths have to be in whole numbers, it was 
decided to leave the existing design operators unchanged. 
Through the period that this research has been undertaken a new digital design paradigm has 
developed called ‘responsive design’ (Jantrupon 2015, p. 17). As noted throughout this research, 
one of the biggest barriers to designing maps for mobile devices is the sheer number of screen 
sizes and screen resolutions available. Responsive design now solves this problem by modifying 
the design of web pages to fit different sized screens. This can be seen in modern websites by 
resizing the browser window to that of a small smart phone size. Images shift, fonts scale, menus 
adjust and vector graphics resize. This research could be further enhanced by investigating the 
relationship with responsive design methods with which the design operators could be further 
developed.  
Mobile technology appears to be the driver of change in the geospatial industry. As maps 
become available on mobile devices, speed of data delivery (and map graphics) and clarity of 
information delivered require the cartographer, developer and engineer to create new map 
products that are attuned to new techniques, technologies and communications systems. 
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7.4 A conceptual multi-published workflow 
The goal of this research was to document a conceptual multi-published approach to student 
atlas design — taking a single design for a print map, converting the design elements so that they 
are suitable for a digital multi-scale map and publishing this map on either a web-based atlas or 
on a mobile device — a ‘design once, publish many’ approach. 
There are many steps in the publishing and design process that were not addressed by this 
research. This research focussed on what was considered to be the main aspects of a multi-
published approach, namely converting print-based design elements to a digital equivalent, 
creating a multi-published specification document and testing a series of design operators. 
Refining the workflow as described earlier in section 1.3 and building on the information 
collected throughout this research, a conceptual ‘design once, publish many’ workflow can be 
proposed: 
• User requirements analysis — A detailed analysis of user requirements based upon 
interviews with a cross section of the targeted users is preferred before beginning any map 
design. 
• Project planning — Resourcing of staff, approximate time requirements, skills required, 
likely data sources, probable cost and return on investment are all considerations that need to 
be documented. Cloud-based documentation, such as Google docs, and project planning 
systems should be used to plan, manage and collaborate with staff. 
• Extent planning for print product — For a print atlas, each page will be defined, with 
mocked-up page layouts for each page spread. These mock-ups will determine the page area 
allowed for individual maps. Based upon this information map extents, individual map 
projections and map scales will be defined. Draft maps should be created as simple wireframes 
containing coastlines, borders and major populated places, to ensure the preferred map 
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coverage is clearly defined. Map wireframes are to be signed off by the atlas editor and the map 
extents documented. 
• Data gathering — With scales and map extents determined, appropriately scaled data can 
be sourced. Numerous open source global and national datasets are available at various scales 
and are the primary source of data. Other datasets may be sourced from providers that require 
a fee for their use. All data gathered should be documented and stored in a spatial database, 
such as Esri ArcSDE or the like.  
• Design concepts — Design for the student atlas should take into account the user-specific 
requirements of the audience’s age and the results of the User Requirements Analysis. Colours, 
symbols and fonts are features that should be carefully chosen to fit within the multi-
published atlas guidelines. Atlas design concepts should be fully tested on users of the 
appropriate age groups, to ensure that they are fit for purpose. 
• UX/UI design and testing — A digital atlas has more complexities than a print product. 
Designing not only the look and feel of the maps but also the User Interface (UI) and designing 
the User Experience (UX) will make the product engaging for the user and simple to navigate. 
• Design specifications — With final design concepts approved specifications should be 
documented in a detailed way. As this research has shown, a comprehensive cloud-based 
multi-published specification document that could be shared with collaborators is a practical 
alternative to paper-based alternatives.  
• Multi-scale, multi-published design specifications — A digital specification document 
provides a mechanism for converting print specifications on the fly, using a series of design 
operators, to generate a list of multi-published specifications suitable for either static digital 
maps or multi-scale digital maps. 
• Data architecture — With detailed specifications established and geospatial data sourced, 
the data architecture should be established to enable print and digital maps to be derived from 
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these sources. Additional feature classes may need to be added to existing datasets to ensure 
map outputs adhere to print and digital design specifications. 
• Testing and refinement — Workflow design should be tested to ensure smooth 
implementation of the print and digital outputs. Refinements to the process should be made to 
ensure the quality of the output meets the end user’s expectations. 
• Print output — The final print artwork should be produced in a file format suitable for use 
in a document layout application. The print design should be based upon the design 
specifications and user requirements established at the beginning of the project. 
• Digital output — The final multi-scale digital map files should be produced. These files 
may be single scale static maps or multi-scale raster tiles suitable for display via the web or 
mobile devices. 
7.5 Further research 
Throughout this research the design of a multi-published student atlas maps has been driven 
from the viewpoint of creating a print design first and then modifying the print design to work on 
a device’s monitor. This viewpoint was established from the author's previous atlas publishing 
experience. It should also be considered that the multi-published workflow could in fact be 
reversed, that is to create a digital design first, then convert this to a print design. Whilst this has 
not been tested, in theory, it is suggested that by inverting the series of design operators this could 
possibly be accomplished and is certainly an area for further research. 
As discussed earlier in this chapter, the adoption of vector tiles technology by major digital map 
publishers, and software applications that can consume and create these tiles, will eventually see 
this technology adopted for the production of digital student atlases. More broadly, the ability to 
detect a user's device and its screen resolution (already capable in modern browsers and in apps on 
mobile devices) demand adjusting a vector tile’s cartographic representation so that design 
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features are rendered appropriately for the viewing device. A series of design operators will be 
critical to the success of digital maps for mobile devices. Further research will be required in the 
use of vector tiles and design operators to extend this area of research.  
Ultimately the results from this research need to be tested using the intended student atlas 
audience — the students themselves. Deeper understanding about the cognition of cartographic 
design for students, in particular in the digital sphere and using mobile devices, would add greatly 
to the already large body of existing research conducted on map design for children. Research of 
this type would greatly benefit publishers and students, ensuring that digital atlases are fit for 
purpose. 
7.6 Conclusion 
It is unknown for how long the hard copy student atlas will be around. There are educational 
reasons for student’s use of atlases for map reading — understanding of indexing, knowledge of 
map projections and general graphicacy skills, being some. As high speed Internet becomes more 
pervasive, costs of mobile devices become more affordable, and the Bring Your Own Device 
(BYOD) culture is adopted by educational institutions and educators, there will be less reliance on 
hard copy atlases as a geography teaching tool. Inevitably, the cost of producing a hard copy atlas, 
compared to the cost of producing a digital atlas will be the overriding driver for ultimate change 
in atlas publishing methods. 
The atlas has progressed beyond being just a bound book to a utilitarian application that not 
only provides a reference source about geography, but also a tool that can be employed to 
investigate one’s environment.  
Grossner et al. in 2008 referred to a 1998 speech by Al Gore, then Vice President of the United 
States of America, in which he described a Digital Earth System that “put the full range of data 
about our planet and our history at our fingertips” (p. 146). Since then we have seen the rise of 
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Google Maps, Apple Maps and Here Maps. Products like these are pushing the technological 
boundaries that partly fulfil Gore’s vision. 
The student atlas of the twenty-first century should be able to locate one’s real-time position 
on a global multi-scale map, allow collaboration with peers via social networks, interact with real-
time data feeds and provide an informative, immersive and engaging multimedia experience to 
enhance learning. The twenty-first century atlas should take the reader on a journey — a journey 
through the physical and political world, a journey that brings to light the diversity of humankind 
and the planet that we call home. 
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Appendix 1 — Timeline of Australian student atlases
Title Year Publisher
Whiteheads Atlas of Australasia 1870 E. Whitehead and Co.
Philip’s School Atlas of Australia 1871 George Philip and Son
The unrivalled atlas of modern geography for schools and 
families 1876 W & A. K. Johnston
The State School atlas for Australasian children: comprising 
thirty-two maps: with consulting index 1877 George Robertson
School Atlas of physical geography: illustrating in a series 
of original designs the elementary facts of geology, 
hydrography, meteorology and natural history 1877 W. and A. K. Johnston
A School atlas of general and descriptive geography: 
exhibiting the actual and comparative extent of all the 
countries of the world, with their present political divisions, 
founded on the most recent discoveries and rectifications 1879 W. and A. K. Johnston
The school hand atlas; a series of fifty-four maps, 
illustrating physical, political, commercial, and classical 
geography 188-? Melville, Mullen, and Slade
The State School Atlas for Australasian Children 1882 George Robertson
Geography and atlas No. 1, For junior classes 1887 T. Nelson
The State School Atlas for Australasian Children 1889 George Robertson
Pearson’s Australasian School Atlas 189- Pearson
Petherick’s School Atlas: Political and Physical specially 
prepared for the schools of Australia and New Zealand 1890 E. Petherick and Co.
The state School Atlas Of Modern Geography 1898 George Robertson and Co.
The State School Junior Atlas 1899 George Robertson
The State School junior atlas 190-? George Robertson
Pearson’s Australasian School Atlas 1906-1911
Collins Australasian Clear School Atlas 191-? Collins Brothers and Co. Ltd
Australasian School Atlas: Physical, political, economic and 
historical, 1860-1920 1915
Humphrey Milford, Oxford 
University Press
Collins Australasian Clear School Atlas 192-? Collins Brothers and Co. Ltd
Philip’s School Atlas for Australia and New Zealand 192-? Geo Philip and Sons Ltd
The Oxford School Atlas for Australia and New Zealand 1922 Oxford University Press
Geography and Atlas of the World 1923 C. W. Wittber
Australasian School Atlas: Physical, political, economic and 
historical, 1860-1920 1924
Humphrey Milford, Oxford 
University Press
Geography Sketch Book and Atlas...: specially drawn and 
arranged to cover the curriculum in Western Australian 
schools 1927 Carroll’s
Australasian School Atlas: Physical, political, economic and 
historical, 1860-1920 1928
Humphrey Milford, Oxford 
University Press
Collins’ Australian Clear School Atlas 1929 Collins Bros. and Co.
Collins’ Australian Clear School Atlas 1930? Collins Bros. and Co.
Regional Atlas of Australia and the World 1936 Angus and Robertson
The Pupil’s Pictorial Atlas: Designed for use in primary 
Schools 1936 Walter Standish and Sons
Philip’s School Atlas of the World and the Commonwealth of 
Australia 1938?
Robinson’s Modern School Atlas of the World 1940? H. E. C. Robinson
Collins’ Australian Clear School Atlas 1940? Collins Bros. and Co.
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Collins’ The Australian Clear School Atlas c. 1941 Collins Bros.
Philip’s School Atlas of the World and the Commonwealth of 
Australia 1942 Whitcombe and Tombs
Philip’s New Comparative Commonwealth Atlas 1945 George Philip and Son
Robinson’s Primary School world Atlas: physical, political, 
economic, historical and pictorial 195-? H. E. C. Robinson
Philip’s New Comparative Commonwealth Atlas 1950 George Philip and Son
Australasian School Atlas: Physical, political, economic and 
historical, 1860-1920 1954 Oxford University Press
Primary School World Atlas 1955 H. E. C. Robinson Pty Ltd
Collins’ Australian Clear School Atlas 1959 W. Collins (overseas)
Philip’s Comparative Commonwealth Atlas: for use in 
Australian Schools 1959 George Philip and Son
Atlas for Australian Secondary Schools 1961 Macmillan
Collins New Australian Clear School Atlas 1961 W. Collins (overseas)
Collins New Australian Clear School Atlas 1964 W. Collins (overseas)
Robinson’s Primary World Atlas c. 1970 Jacaranda
The Jacaranda Atlas 1969 Jacaranda Press Pty Ltd
Philips’ Modern Commonwealth Atlas 1969 George Philip and Son Ltd.
Jacaranda Junior World Atlas: (prepared especially for 
Queensland schools) 1971 Jacaranda
Jacaranda Junior World Atlas: (prepared especially for 
Victorian primary schools) 1971 Jacaranda
Jacaranda Junior World Atlas: (prepared especially for 
Tasmanian primary schools) 1971 Jacaranda
Jacaranda Junior World Atlas: (prepared especially for 
South Australian primary schools) 1971 Jacaranda
Jacaranda Junior World Atlas: (prepared especially for New 
South Wales primary schools) 1971 Jacaranda
Robinson’s World Atlas 1972 Jacaranda
Philip’s New Australian Atlas c. 1972
Rigby in association with 
George Philip and O’Neil 
Ltd
Philips’ Australian Junior Atlas 1973
George Philip and O’Neil 
Pty Ltd
A Socio-economic Atlas of Adelaide: An Analysis of the 
1971 Census 1975
Flinders University of South 
Australia, School of Social 
Sciences and South 
Australian Dept. for 
Community Welfare
The Australian Atlas: Resource Units of Australia and the 
World 1977
Rigby in association with 
George Philip and O’Neil 
Ltd
Philip’s New Australian Atlas 1977
George Philip and O’Neil; 
Rigby
Jacaranda Australian Primary Atlas 1978 Jacaranda
Society in View: A Graphic Atlas for the Social Sciences 1978 Jacaranda
A Map History of Australia 1978 Oxford University Press
Australia’s Frontiers: An Atlas of Australian History 1979
Harcourt Brace Jovanovich 
Group  (Australia) in 
association with George 
Philip and O’Neil
Year PublisherTitle
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My First Atlas: for Western Australian Primary Schools 1980
Education Department of 
Western Australia
Urban Social Atlas of Brisbane, 1976 1981
Institute of Applied Social 
Research, School of 
Australian Environmental 
Studies, Griffith University
Activity Book for the Revised Edition of the New Jacaranda 
Atlas 1981 Jacaranda
Atlas 1 1983 Jacaranda Press
Bold Atlas of Australia 1983 Ashton Scholastic
Skills Book for Secondary Schools 1984 Jacaranda
The Mystery Continent: An Historical Atlas of European 
Exploration in Australia 1984 CCH Australia Ltd
The Macmillan Australian Atlas Activity Book 1985 Macmillan
Collins Junior Atlas 1985 Collins
Jacaranda Junior World Atlas 1986 Jacaranda Press
The Making of Melbourne in Maps 1987 Longman Cheshire
The Macmillan Australian Atlas 1987 Macmillan
The Australian School Atlas 1989 Longman Cheshire
Australian Languages: An Introductory Atlas 1989
Centre for Immigration and 
Multicultural Studies, 
Research School of Social 
Sciences, Australian 
National University
The Student’s Atlas Study-book 1989 Longman Cheshire
The Student’s Atlas Study-book 1990 Longman Cheshire
Macmillan Australian Atlas 1990 Macmillan
The Longman Cheshire Australian Atlas for Secondary 
Schools 1990 Longman Cheshire
The Longman Cheshire Australian Atlas for Secondary 
Schools c. 1992 Longman Cheshire
The Ausmap Atlas of Australia 1992
Cambridge University Press 
and AUSLIG
Jacaranda Junior Atlas 1993 Jacaranda Press
Australian Student’s Atlas 1993 Oxford University Press
Heinemann Atlas 1st edition 1993 Heinemann Education
The Jacaranda Atlas. Student Manual 1993 Jacaranda Press
A World of Outline Maps for Use as Base Maps in Projects 
and Assignments 1994
Geography Teachers’ 
Association of Victoria
Longman World Resources Atlas 1994 Longman Cheshire
The Jacaranda Atlas Extra: for use with the Jacaranda 
Atlas, fourth edition 1994-1999 Jacaranda Press
Longman World Resource Atlas 1994-1999 Longman Cheshire
The Complete Atlas of the World 1994-1999 Five Mile Press
The Australian School Atlas 1995 Longman Australia
Heinemann Primary Atlas: Activities and blackline masters c. 1995 Rigby Heinemann
Longman Australian Atlas for Secondary Schools 1996
Addison Wesley Longman 
Australia
Heinemann Atlas 2nd edition 1996 Heinemann
Australia Unfolded: Interactive Atlas of Australia c. 1996
Australian Surveying and 
Land Information Group
Year PublisherTitle
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The Student’s Atlas Study Book 1996 Longman Australia
Heinemann Atlas Geography Skills 1996 Rigby Heinemann
Macmillan Australia Global Atlas 1997
Macmillan Education 
Australia
Atlas of the Australian People: 1996 Census 1999
Dept. of Immigration and 
Multicultural Affairs, 
Research and Statistics Unit
An Historical Atlas of the Aborigines of eastern Victoria and 
South-Eastern New South Wales 2000
 School of Geography and 
Environmental Science
Macmillan Australia Global Atlas 2000
Macmillan Education 
Australia
Heinemann Atlas 3rd edition 2000 Heinemann
Geographica’s Family Atlas 2000 Random House
Jacaranda Primary Atlas 2001 John Wiley
Jacaranda Atlas of the Pacific Islands 2002 John Wiley and Sons
Atlas of Discovery c. 2003
Jacaranda/John Wiley and 
Sons
Macmillan Global Atlas 2003
Macmillan Education 
Australia
Heinemann Atlas 4th Edition 2005 Harcourt Education
Pearson Atlas 2006 Pearson Education
Jacaranda Atlas - 6th Edition 2006
John Wiley and Sons 
Australia
Jacaranda Primary Atlas 2007
John Wiley and Sons 
Australia
Pearson Primary Atlas 2007 Pearson Education Australia
Oxford International School Atlas 2007 Oxford University Press
The Ultimate Interactive Atlas of the World 2008 Walker Books Australia
Behind the News Primary Atlas 2007
Harcourt Education, a 
division of Pearson Australia 
Group
Oxford Atlas project 1 2008 Oxford University Press
Oxford Atlas project 2 2008 Oxford University Press
Oxford Atlas Project 3 2008 Oxford University Press
Macmillan Global Atlas 2008
Macmillan Education 
Australia
Heinemann Atlas 5th edition 2009 Pearson
Jacaranda Atlas - 7th Edition 2010
John Wiley and Sons 
Australia
Longman Atlas 2011 Pearson Australia
Year PublisherTitle
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Appendix 2 — Timeline of major technological change 
Technology Year Inventor
Lithography 1796 Alois Sennefelder
Daguerreotype - precursor to the camera 1836
Louis Daguerre and Joseph Nicéphore 
Niépce
Photogravure (Photo-mechanical) 
printing 1852 Henry Fox Talbot
Photographic film 1885 George Eastman
Camera 1888 Kodak - George Eastman
Airbrush 1890s
Chromolithography mid to late 1800s
Heavier than AIR Powered Flight 1903 Wright brothers
Colour Photography 1907 Auguste and Louis Lumiere
Semi-automatic aerial camera 1911 Colonel Potte V. F.
Mechanical Television 1925 John Logie Baird
Computer - ‘Differential Analyser’ 1930 Vannevar Bush
Modern Colour Television 1940 Peter Goldmark
First Computer Controlled by Software 1941 Konrad Zuse
First Electronic Digital Computer 1942 John Atanasoff and Clifford Berry
Hypertext proposed 1945 Vannevar Bush
Mobile Phones first invented 1947
Videotape Recorder 1951 Charles Ginsburg
Computer Hard Disk 1956
FORTRAN Programming Language 1957
Computer Modem 1958
Laser 1958 Gordon Gould
Microchip 1959 Jack Kilby and Robert Noyce
Canada Geographic Information System 1960
Computer Aided Mapping 1960s
Audio Cassette 1962
First Computer Video Game 1962
Video Disk 1963
BASIC Programming Language 1964 John George Kemeny and Tom Kurtz
Compact Disk 1965 James Russell
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Computer Mouse 1968 Douglas Engelbart
First Computer Made with Integrated 
Circuits 1968
RAM (Random Access Memory) 1968 Robert Dennard
Arpanet (First Internet) 1969
Floppy Disk 1970 Alan Shugart
SYMAP, GRID and ODYSSEY 1970s
Liquid Crystal Display 1971 James Fergason
Microprocessor 1971 Faggin, Hoff and Mazor
VCR (Videocassette) 1971
Word Processor 1972
Ethernet 1973 Robert Metcalfe, Xerox
Laser Printer 1975
Satellite Remote Sensing - Landsat 1975
Ink-jet Printer 1976
Cell Phone 1979
Cray Supercomputer 1979 Seymour Cray
Walkman 1979 Sony
MS-DOS 1981
IBM-PC 1981
Apple Lisa 1983
Desktop GIS 1980s
CD-ROM 1984
Apple Macintosh and Apple Laser Writer 1984
Postscript Level 1 Language 1984 Adobe
Windows OS 1985
Desktop Publishing Software 1985 Aldus
NFSNET - precursor to Internet 1985
Digital Font Technology - postscript 1987 Linotype
High Definition Television 1989
Digital Cellular Phones 1988
World Wide Web (http) and html 1990 Tim Berners-Lee
Year InventorTechnology
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Source: greatachievements.org 
Postscript Level 2 Language 1991
Internet - World Wide Web 1991
PDF 1992 Adobe
Imagesetters early 1990s
Pentium Processor 1993
Web 1.0 1993
Java Processing Language 1995
DVD (Digital Versatile Disk) 1995
Opentype Technology 1996 Adobe/Microsoft
Postscript Level 3 Language 1998 Adobe
Computer to Plate Printing (CTP) 
Technology late 1990s
iPod 2001 Apple
Web 2.0 2003
Podcasting/VODcasting 2004
Google Maps 2005 Google
iPhone 2008 Apple
iPad 2010 Apple
Year InventorTechnology
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Appendix 3 — Major cartographic literature related to this 
research since 1900 
Researcher Country Year Research Title Publisher
Arthur Robinson United States 1952 The Look of Maps Reprinted by Esri Press
Jacques Bertin France 1965 Semiology of Graphics Reprinted by Esri Press
Barbara 
Petchenik United States
John Keates United Kingdom 1973
Cartographic Design and 
Production Prentice Hall
Rod Gerber Australia 1980s numerous papers
Eduard Imhof Switzerland 1982
Cartographic Relief 
Presentation Reprinted by Esri Press
Alan 
MacEachren United States 1995 How Maps Work Guildford Press
Menno Jan 
Kraak and Ferjan 
Ormeling Netherlands 1996
Cartography: Visualization of 
Geospatial Data Guildford Press
David Ruxton 
Fraser Taylor United States 2005
Cybercartography: Theory 
and Practice Elsevier Science
Cynthia Brewer United States 2005
Designing Better Maps: A 
Guide for GIS Users Esri Press
Patrick Wiegand United Kingdom 2006
Learning and Teaching with 
maps Routledge
Bernhard Jenny, 
et al. Switzerland 2008 Map Design for the Internet
Robert Roth, et 
al. United States 2011 ScaleMaster
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Appendix 4 — Common smartphone screen resolutions 
Name Physical 
width px
Physical  
height px
CSS 
width px
CSS 
height px
Pixel
ratio
Physical 
ppi
CSS 
ppi
Apple iPhone 6 750 1334 375 667 2 326 192
Apple iPhone 5 640 1136 320 568 2 326 192
Apple iPhone 4 640 960 320 480 2 326 192
Apple iPhone 3 320 480 320 480 1 163 96
Apple iPod Touch 640 1136 320 568 2 326 192
LG G3 1440 2560 360 640 4 640 384
LG Optimus G 768 1280 384 640 2 318 192
Samsung Galaxy Note 2 720 1280 360 640 2 267 192
Samsung Galaxy Note 800 1280 400 640 2 285 192
Samsung Galaxy S5 1080 1920 360 640 3 441 288
Samsung Galaxy S4 1080 1920 360 640 3 441 288
Samsung Galaxy S4 mini 540 960 360 640 1.5 256 144
Samsung Galaxy S3 720 1280 360 640 2 306 192
Samsung Galaxy S3 mini 480 800 320 533 1.5 233 144
Samsung Galaxy S2 480 800 320 533 1.5 217 144
Samsung Galaxy S 480 800 320 533 1.5 233 144
Samsung Galaxy Nexus 720 1200 360 600 2 316 192
LG Nexus 5 1080 1920 360 640 3 445 288
LG Nexus 4 768 1280 384 640 2 320 192
Microsoft Lumia 1020 768 1280 320 480 2.4 332 220
Microsoft Lumia 925 768 1280 320 480 2.4 332 220
Microsoft Lumia 920 768 1280 320 480 2.4 332 220
Microsoft Lumia 900 480 800 320 480 1.5 217 144
Microsoft Lumia 830 720 1280 320 480 2 294 192
Microsoft Lumia 620 480 800 320 480 1.5 252 144
HTC One 1080 1920 360 640 3 468 288
HTC 8X 720 1280 320 480 3 341 288
HTC Evo 3D 540 960 360 640 1.5 256 144
Sony Xperia Z3 1080 1920 360 598 3 424 288
Sony Xperia Z 1080 1920 360 640 3 443 288
Sony Xperia S 720 1280 360 640 2 342 192
Sony Xperia P 540 960 360 640 1.5 275 144
Blackberry Leap 720 1280 390 695 2 294 177
Blackberry Passport 1440 1440 504 504 3 453 274
Blackberry Classic 720 720 390 390 1.8 294 177
Blackberry Q10 720 720 346 346 2 328 192
Blackberry Z30 720 1280 360 640 2 295 192
Blackberry Z10 768 1280 384 640 2 355 192
Blackberry Torch 9800 360 480 360 480 1 187 96
ZTE Open (Firefox OS) 480 720 320 480 1.5 165 144
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Appendix 5 — Common tablet devices screen resolutions 
Name Physical 
width
Physical 
height
CSS 
width
CSS 
height
Pixel 
ratio
Physical 
ppi
CSS 
ppi
Apple iPad 3, 4, Air 1536 2048 768 1024 2 264 192
Apple iPad 1, 2 768 1024 768 1024 1 132 96
Apple iPad mini 2, 3 1536 2048 768 1024 2 326 192
Apple iPad mini 768 1024 768 1024 1 163 96
Samsung Galaxy Tab 3 10" 800 1280 800 1280 1 149 96
Samsung Galaxy Tab 2 10" 800 1280 800 1280 1 149 96
Samsung Galaxy Tab (8.9") 800 1280 800 1280 1 170 96
Samsung Galaxy Tab 2 (7") 600 1024 600 1024 1 170 96
Samsung Nexus 10 1600 2560 800 1280 2 300 192
HTC Nexus 9 1538 2048 768 1024 2 281 192
Asus Nexus 7 (v2) 1080 1920 600 960 2 323 192
Asus Nexus 7 (v1) 800 1280 604 966 1.325 216 127
LG G Pad 8.3 1200 1920 600 960 2 273 192
Amazon Kindle Fire HD 8.9 1200 1920 800 1280 1.5 254 144
Amazon Kindle Fire HD 7 800 1280 480 800 1.5 216 144
Amazon Kindle Fire 600 1024 600 1024 1 167 96
Microsoft Surface Pro 1080 1920 720 1280 1.5 207 144
Microsoft Surface 768 1366 768 1366 1 148 96
Blackberry Playbook 600 1024 600 1024 1 169 96
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Appendix 6 — Units 
UNITS Mile (mi) Feet (ft) Inch (in) Point (pt)
Kilometre (km) 0.621371 3,280.84 39,370.1
Metre (m) 0.00062137 0.3048 39.3701
Centimetre (cm) 0.0328084 0.393701
Millimetre (mm) 0.00328084 0.0393701
Pixel (px) 0.75
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Appendix 7 — Specifications for Australian student multi-
published atlas (prototype) - Instructions
Multi-published map specifications
This spreadsheet application has been developed to create a linked database of specifications suitable for 
defining atlas specifications for print maps and a Tile Mapping Service (TMS) suitable for delivering atlas 
maps on the web or mobile devices.

The sheets within this spreadsheet application are tightly integrated to allow the cartographer to create a 
set of specifications for print and automatically calculate specifications for maps being delivered using a 
TMS. Colours, line weights, font sizes and symbol sizes are automatically calculated based on ‘design 
operators’ calculated from the most recent research in this area.

The instructions below give an outline of how to use each sheet in the application.
Maps and Page Numbers
The ‘Maps and Page Numbers’ sheet contains a table listing all maps that are to be displayed in the print 
atlas. List each map by map title, as the data entered in this column is used to populate the ‘File Name’ 
column. The ‘Page no. even’ and ‘Page no. odd’ columns are used for representing the map as it sits on a 
double page spread. Enter a map number for the piece of artwork that represents the map in the page 
layout. This field is also used to populate the ‘File Name’ column. The ‘Map extents (sheet name)’ column 
refers to the name of the Numbers worksheet containing the map’s unique specifications. In the 
‘Description’ column provide brief notes about the type of map being represented.
Monitor Display Resolution
There are numerous display monitors available to present tile maps on, however the size of the tile will 
vary dependent upon the resolution of the screen. A standard 256 x 256 px tile will be 2.78” square on a 
standard 92 pixel per inch (ppi) monitor. When displayed on a 256 ppi monitor the same tile wil be 1” 
square. This change in size affects the font size, line weights and symbol sizes rendered on the tile. To 
calculate the perfect size of your map features, first select the monitor resolution of your display device 
from this monitor display list. All other scales and sizes will be adjusted accordingly.
Databases and datasets
The ‘Databases and datasets’ sheet contains a listing of all the likely layers needed for production of the 
main atlas maps, both physical and political. The main data sources are the open source Natural Earth 
data sets and the Geoscience Australia open source datasets, varying in scale from 1:110,000,000 global 
coverage to 1:250,000 Australian coverage.

Each data set contains a database name, year or version number, actual filename of the data layer, the 
datum of the data set, what license covers the usage of the data, intended scale use of the data and 
finally a check box to indicate if this layer is to be used in the map production. Checking the box will 
populate certain fields in the ‘Map Specifications’ sheet and the ‘ScaleMaster sheet.
ScaleMaster
ScaleMaster is a schematic diagram used for “organising, maintaining and sharing scale-dependent 
design specifications for multiscale mapping projects.” as described by Roth, Brewer and Stryker.

Each data layer is represented in the ScaleMaster schematic when checked in the Databases and 
datasets sheet. Manually select the zoom levels each layer appears on. For reference, use the ‘TMS zoom 
scales reference’ sheet to determine the best scale to represent the data on, based on the screen 
resolution of the presentation display.
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Multi-published Specifications
Populate this table to specify individual feature specifications for the multi-published maps. Print, web 
and mobile options are provided for. Sizing for fonts are automatically derived for web and mobile maps 
based on print specifications. Likewise, line weights, colours and symbol sizes are calculated based on 
print specifications.

Layer names are based on dataset names. In some instances data needs to be split from one source into 
multiple layers. Take care in ensuring conventions established in this specification are followed through in 
the Illustrator and TileMill software applications.
Atlas Pages
Each map in the atlas should have a unique sheet containing map number and name, page or pages the 
map is displayed on in the print atlas, scale representative fraction, physical size in millimetres, projection 
parameters and geographic extents in decimal degrees. Link map name, page numbers and scale with 
the values specified in the ‘Maps and Page Numbers’ sheet.
Design Operators
Tables that have a pink header relate to print parameters, whilst tables with a light blue header relate to 
web and mobile parameters.
Cells that contain a pale yellow background require user-defined parameters to be added. These 
parameters include geographic extents, physical sheet size, map projection, map scale, CMYK colour 
values expressed as a percentage, line weights expressed in millimetres, font size, symbol height and Tile 
Mapping Service zoom levels to be displayed
When entering geographic extent parameters for the north west and south east map corners, enter figures 
as a single string, e.g. 15˚ 14’ 23” should be entered as 151423. Additionally, if a latitude is south of the 
equator it should be indicated as a negative value, likewise with longitude values west of the 0˚ meridian.
Note that the monitor resolution cell, highlighted in blue, requires a value based on the type of device that 
the maps will be displayed upon. This value will determine values such as line weights in pixels and 
symbol heights for web and mobile.
Selecting the TMS zoom scales checkboxes displays the most suitable scale dataset for the required 
zoom level.
The line weight conversion dialogue allows the user to input a line weight value in mm and see the 
resulting line weights in various units. A more complete table of line weights can be found on the ‘line 
weight conversion’ worksheet, which is also editable.
Due to Numbers lack of data validation, valid numbers are displayed in bold. If you enter an invalid figure 
it will appear as normal text.
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Appendix 8 — Conceptual student atlas design 
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Appendix 9 — Ethics approval letter
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Science Engineering  
and Health 
 
College Human Ethics 
Advisory Network 
(CHEAN) 
 
Plenty Road  
Bundoora VIC 3083 
 
PO Box 71  
Bundoora VIC 3083 
Australia 
 
Tel. +61 3 9925 7096 
Fax +61 3 9925 6506 
• www.rmit.edu.au 
 
  
13 August 2014 
 
 
 
 
Professor William Cartwright 
Building 12, level 11, room 7 
School of Mathematics and Geospatial Sciences 
 
Dear Professor Cartwright 
 
BSEHAPP 19-14 CARTWRIGHT-MOLYNEUX Student Atlas Design for Multi-
platform Publishing 
 
Thank you for submitting your amended application for review. 
 
I am pleased to inform you that the CHEAN has approved your application for a period 
of 6 Months from the date of this letter to 12th February 2015 and your research may 
now proceed. 
 
The CHEAN would like to remind you that: 
 
All data should be stored on University Network systems.  These systems provide high 
levels of manageable security and data integrity, can provide secure remote access, are 
backed up on a regular basis and can provide Disaster Recover processes should a large 
scale incident occur.  The use of portable devices such as CDs and memory sticks is 
valid for archiving; data transport where necessary and for some works in progress. 
The authoritative copy of all current data should reside on appropriate network systems; 
and the Principal Investigator is responsible for the retention and storage of the original 
data pertaining to the project for a minimum period of five years.  
 
Please Note: Annual reports are due during December for all research projects that have 
been approved by the CHEAN, failure to provide an annual report may result in Ethics 
approval being withdrawn.  
 
Final reports are due within six months of the project expiring.  
 
The annual/final reports forms can be found at:  
www.rmit.edu.au/staff/research/human-research-ethics  
 
Yours faithfully, 
 
 
 
 
 
Dr Linda Jones 
Chair, Science Engineering & Health 
College Human Ethics Advisory Network  
 
Cc   Student Investigator/s:  Mr Craig Molyneux School of Mathematics and Geospatial Sciences RMIT University 
 Other Investigator/s  Professor Nicholas Chrisman School of Mathematics & Geospatial Sciences RMIT University 
 
